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PART  I 


EXECUTIVE  SUMMARY 


A.  PURPOSE 


This  report  is  a  summary  of  the  results  of  the  National  Progr  im  of 
Inspection  of  Non-Pederal  Dams,  by  the  U.s.  Army  Corps  of  Engineers  and 
completed  on  30  September  1981.  The  recommendations  provided  in  this 
report  for  improving  the  safety  of  non-Federal  dams  augment  those  offered 
in  the  report  submitted  to  the  Congress  in  1976,  prior  to  initiating  the 
inspection  of  non-Federal  dams,  and  reflect  additional  findings  resulting 
from  these  inspections. 


B.  AUTHORITY 


The  National  Program  of  Inspection  of  Non-Federal  Dams  was  authorized 
by  the  National  Dam  Inspection  Act  of  1972  (P.L.  92-367) ,  which  directed 
the  Secretary  of  the  Army,  acting  through  the  Chief  of  Engineers,  to 
carry  out  a  national  program  of  inspection  of  non-Federal  dams  for  the 
purpose  of  protecting  human  life  and  property.  P.L.  92-367  specifically 
required  the  Secretary  of  the  Army  to  conduct  the  following  activities 
and  to  report  to  the  Congress  by  July  1,  1974,  on  these  activities  and 


iii 


others  performed  under  the  actt 


(1)  Compile  an  Inventory  of  all  dams  in  the  United  States  which  are 
in  exeeea  of  6  feet  In  height  and  have  a  maximum  water  impounding 
capacity  of  at  leant  50  acre-feet r  or  which  are  at  least  25  feet  In 
height  and  have  a  maximum  water  Impounding  capacity  In  excess  of  15 
acre-feet. 

(2)  Inspect  certain  non-Federal  dams  in  the  inventory,  and  provide 
the  inspect!^  results  and  advice  for  remedial  measures  to  state 
governors. 

(3)  Formulate  recommendations  for  a  comprehensive  national  dam 
safety  program, 

c.  background 

The  National  Dam  Inspection  Act  of  1972  (P.L.  92-367)  was  enacted  as 
a  result  of  catastrophic  dam  failures.  The  Buffalo  Creek,  West  Virginia 
coal  refuse  dam  failed  In  February  1972,  killing  125  people  „nd  causing 
extensive  property  damage.  The  Canyon  Lake  Dam  at  Rapid  City,  South 
Dakota,  failed  during  a  violent  rainstorm  and  flooding  in  June  1972, 
contributing  to  the  loss  of  life  and  destruction  in  Rapid  City.  Heavy 
rainfall,  created  by  Hurricane  Agnes,  caused  the  overtopping  and  damaging 
of  a  number  of  dams  in  June  1972,  adding  to  flooding  and  property  damage, 
and  further  increasing  public  concern  for  the  safety  of  dams. 
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D.  SUMMARY 


The  Secretary  of  the  Army  initiated  actions  to  implement  the 
requironents  of  P.L.  92-367  immediately  after  it  was  signed  into  law. 

Plans  were  formulated  to  perform  the  following! 

(1)  Compile  an  inventory  of  dams  in  the  United  States,  including  its 
commonwealths  and  trust  territories. 

(2)  Develop  recommendations  for  a  comprehensive  national  dam  safety 
program. 

(3)  Develop  guidelines  and  criteria  for  inspecting  and  evaluation 
dams. 

(4)  Provide  advice  to  state*  governors,  upon  request,  relating  to 
timely  remedial  measures  necessary  to  mitigate  or  obviate  any  hazardous 
conditions  found  by  states  inspecting  non-Federal  dams  within  their 
boundaries. 

I 

1 

Due  to  limited  funding  and  the  position  of  the  Executive  Branch  that  | 

i 

1 

the  inspection  of  non-Federal  dams  should  be  conducted  by  the  states  as 

1 

part  of  their  normal  responsibilities,  plans  to  implement  P.L.  92-367  did  j 

i 

not  include  Corps  of  Engineers  inspection  of  non-Federal  dams. 

The  Assistant  Secretary  of  the  Army  (Civil  Works)  transmitted  a 
report  to  Congress  in  November  1976,  on  the  initial  activities  performed 


*Includes  commonwealths  and  trust  territories. 
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by  the  Corps  of  Engineers  under  P.L.  92-367 


The  President,  In  December  1977,  as  a  result  of  a  tragic  dam  failure, 
directed  the  Secretary  of  the  Arnv>  acting  through  the  Chief  of 
Engineers,  to  conduct  a  program  to  inspect  non-Federal  dams  that 
presented  a  high  potential  for  loss  of  life  and  property  damage  should 
they  fail.  A  four-year  program,  scheduled  for  completion  on  30  September 
1981,  was  developed  to  perform  She  following  activities; 

(1)  Update  and  verify  the  national  inventory  of  dams. 

(2)  Inspect  about  9,000  non-Federal  dams. 

(3)  Encourage  and  prepare  the  states  to  implement  effective  state 
dam  safety  programs. 

(4)  Provide  data  for  the  definition  of  a  viable  national  dam  safety 
program. 

The  updating  and  verifying  of  the  inventory  was  essentially  completed 
by  30  September  1980.  The  revised  inventory  contains  68,153  dams,  of 
which  63,419  meet  the  size  requirements  of  P.L.  92-367.  Most  of  the 
4,734  dams  in  the  inventory  which  do  not  meet  the  size  requirements  were 
listed  in  the  original  inventory,  and,  therefore,  retained. 

Nearly  nine  thousand  dams  (8,818)  were  inspected  under  the  inspection 
program.  Of  this  number,  nearly  three  thousand  (2,925)  were  evaluated  as 
unsafe  due  to  various  deficiencies,  primarily  for  Inadequate  spillway 
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capacity.  Reports  on  all  inspections  were  provided  to  state  governors. 
Recommendations  for  remedial  measures  were  included  in  reports  for  all 
dams  having  deficiencies.  In  most  states,  these  recommended  measures 
have  not  been  adequately  implemented  by  dam  owners,  because  state 
officials  are  not  convinced  that  existing  dams  create  a  great  enough 
hazard  to  require  dam  owners  to  spend  large  sums  of  money  to  improve 
conditions  which,  in  most  cases,  have  existed  for  many  years. 

Corps  of  Engineers  efforts  to  prepare  the  states  to  implement 
effective  state  dam  safety  programs  included  encouraging  the  states  to 
enact  dam  safety  legislation  and  to  supervise  the  Corps  of  Engineers 
inspection  program  activities  within-  their  boundaries,  in  order  to  gain 
experience,  and  conducting  seminars  and  training  courses  for  state 
personnel.  The  assessment  of  state  dam  safety  programs  after  the  Corps 
of  Engineers  inspection  program  was  completed  revealed  that  (a)  forty (40)> 
states  had  enacted  effective  dam  safety  legislation,  but  6  states  had  no 
dam  safety  legislation,  (b)  34  states  had  implemented  effective 
regulatory  practices,  (c)  29  states  had  employed  adequate  technical 
staffing,  and  (d)  16  states  had  developed  programs  which  were  completely 
adequate.  The  16  states  with  the  completely  adequate  programs  and  two 
additional  states  indicated  that  they  will  provide  adequate  funding  for 
their  programs  without  Federal  aid.  Seventeen  (17)  states  with  deficient 
programs  indicated  that  they  plan  to  implement  adequate  programs  in  the 
near  future. 
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E.  FINDINGS  AND  CONCLUSIONS 


Fro*  the  results  of  the  inspection  prograUf  certain  findings  were 
developed  and  conclusions  drawn.  These  provide  a  basis  for  defining  the 
needs  of  a  viable  national  dam  safety  program  for  non-Federal  dams,  and 
for  developing  recommendations  for  improving  the  safety  of  non-Federal 
dams.  These  findings  and  conclusions  aret 

(1)  The  updated  national  inventory  of  deuns  is  a  reliable  data  base 
for  state  dam  safety  programs. 

(2)  On  a  national  basis,  33%  of  the  non-Federal  dams  inspected  were 
found  to  be  unsafe.  However,  the  percentage  of  unsafe  dams  varied 
between  states,  ranging  from  a  low  of  3.3%  in  California  to  a  high  of 
74.3%  in  Missouri.  It  is  difficult  to  project  whether  these  percentages 
would  change  materially  for  the  non-inspected  dams. 

(3)  Most  states  have  not  adequately  required  dam  owners  to  implement 
measures  recommended  for  unsafe  damsi  nor  is  there  evidence  that  this  is 
expected  to  change. 

(4)  The  large  percentage  of  unsafe  dams  and  the  lack  of 
implementation  of  additional  investigations  and/or  remedial  measures 
indicate  that  most  dam  owners  are  not  willing  to  modify,  repair,  or 
maintain  their  dams. 

(5)  Most  states  have  shown  an  unwillingness  to  implement  and 
maintain  effective  dam  safety  programs  with  state  funds.  Additional  dam 
failures  will  likely  occur  before  the  states  give  adequate  priority  to 
their  dam  safety  programs. 
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(6)  Most  states  participated  in  the  Inspection  program  in  a  manner 
that  provided  training  and  experience  for  state  personnel.  Almost  all 
states  have  developed  at  least  a  nucleus  for  a  dam  safety  organization. 

(7)  Most  states  believe  that  the  criteria  contained  in  the 
"Reccnmended  Guidelines  for  Safety  Inspection  of  Dams,”  particularly 
spillwry  capacity  criteria,  are  too  stringent.  Consequently,  only  a  few 
corrections  are  expected  to  be  made,  at  least  on  existing  projects,  thus 
allowing  substantial  hazards  to  remain  until  the  occurrence  of  extreme 
rainfall  verifies  the  concern  for  spillway  capacity  and  creates  public 
concerns  and  pressures  to  upgrade  state  priorities  for  dam  safety. 


F.  RECOMMENDATIONS 


The  following  actions  are  recommended  for  improving  the  safety  of  the 
nation's  non-Federal  damst 

(1)  The  Corps  of  f^gineers  should  be  authorized  and  funded  to 
continuously  maintain  the  national  inventory  of  dams.  Such  proposed 
legislation  has  been  submitted  to  the  Congress. 

(2)  If  Federal  legislation  is  enacted  providing  Federal  funds  for 
implementing  remedial  measures  for  dams  inspected  under  the  non-Federal 
dam  inspection  program  and  determined  to  be  unsafe,  only  those  dams  which 
are  owned  by  state,  county,  or  municipal  governments,  and  whose  major 
purpose  is  public  water  supply  and  flood  protection  should  be 
considered.  Such  legislation  should  also  establish  minimum  standards  for 


state  dam  safety  programs,  and  only  those  states  meeting  these  standards 
would  be  eligible  to  receive  Federal  funding. 

(3)  To  utilize  the  existing  Federal  technical  capability  in  dam 
safety,  a  Federal  agency  should  be  designated  to  furnish  technical 
assistance  to  the  states,  upon  request,  concerning  Implementation  of  dam 
safety  programs. 

(4)  The  construction  of  non-Federal  dams  on  Federal  lands  should  not 
be  allowed  unless  the  dams  are  designed  and  constructed  to  meet  minimum 
standards  established  by  a  designated  Federal  agency  and  the  proposed  dam 
owners  agree  legally  to  properly  maintain  these  dams.  Owners  of  existing 
non-Federal  dams  on  Federal  lands  should  be  required  to  upgrade  and 
maintain  such  dams  to  meet  minimum  standards. 

(5)  The  Federal  Emergency  Management  Agency  (FEMA)  should 
concentrate  their  dam  safety  efforts  on  those  dams  inspected  by  the  Corps 
of  Engineers  and  considered  to  be  unsafe.  FEMA  should,  using  the  Corps, 
publicize  and  promote  design  criteria  impinging  on  dam  safety,  especially 
that  pertaining  to  the  Probable  Maximum  Flood  (PMF) ,  and  maximize  public 
awareness  when  dams  fail  because  of  spillway  deficiencies. 

(6)  The  National  Oceanic  and  Atmospheric  Agency  (NOAA)  should  be 
informed  of  the  location  of  all  dams  with  unsafe  spillways  to  enable 
special  alerts  when  unsafe  flows  are  likely  to  be  approached. 

(7)  The  Federal  government  should  remove  restrictions  on  block 
grants  to  states,  where  they  exist,  so  funds  can  be  used  for  dam  safety. 
If  there  are  no  restrictions,  it  could  be  specified  that  dam  safety  will 
be  considered  as  one  of  the  uses. 
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PART  II 


INTRODUCTION 


A.  INITIAL  PROGRAM  ACTIVITIES 


The  report  on  the  National  Program  of  Inspection  of  Dams,  transmitted 
to  Congress  in  November  1976,  included  analyses  of  the  primary  activities 
conducted  under  the  program  by  the  Corps  of  Engineers  prior  to  the 
initiation  of  the  inspection  of  non-Federal  dams  in  December  1977.  These 
activities  consisted  of; 

(1)  Compiling  a  national  inventory  of  49,329  dams. 

(2)  Conducting  a  review  of  each  state  and  Federal  agency's 
capabilities,  practices,  and  regulations  regarding  the  design, 
construction,  operation  and  maintenance  of  dams, 

(3)  Developing  guidelines  for  the  safety  inspection  and  evaluation 
of  dams. 

(4)  Formulating  recommendations  for  a  comprehensive  national  dam 
safety  program,  and  proposed  legislation  to  implement  these 
recommendation:  . 

The  national  inventory  of  dams  was  completed  in  1974. 

Approproxiraately  20,000  of  the  dams  inventoried  were  classified  as  having 
high  or  significant  hazard  potential,  that  is,  so  located  that  failure  or 
mi soperation  could  result  in  loss  of  life  and  property  damage. 
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The  review  of  each  state  amd  Federal  agency's  capabilities  and 
practices  for  the  regulation  of  dams  under  their  jurisdictions  indicated 
that  dam  safety  programs  in  moat  states  and  some  Federal  agencies  were 
either  non-existent  or  inadequate  to  insure  the  safety  of  dams.  Of  the 
50  states  and  3  territories  reviewed,  11  had  no  laws  regulating  dams  and 
24  had  regulations  which  were  Inadequate.  Five  (5)  of  the  Federal 
agencies  reviewed  indicated  that  the  existing  regulations  for  dam  safety 
were  not  fully  adequate. 

The  efforts  to  develop  guidelines  for  the  safety  inspection  and 
evaluation  of  dams  produced  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams."  These  guidelines  were  developed  with  input  from 
selected  state  agencies,  Federal  agencies,  professional  engineering 
societies,  and  private  engineering  consultants. 

Recommendations  for  a  comprehensive  national  dam  safety  program 
included  establishing  regulatory  functions  for  state  dam  safety  programs 
based  upon  the  provisions  of  the  "Model  Law  for  State  Supervision  of 
Safety  of  Dams  and  Reservoirs,"  as  prepared  by  the  United  States 
Committee  on  Large  Dams  (USCOLD) .  These  recommendations  also  proposed 
the  immediate  initiation  of  the  inspection  of  dams  with  high  or 
significant  hazard  potential.  The  states  were  to  be  responsible  for  the 
inspection  of  non-Federal  dams  on  private  property,  and  the  owning 
Federal  agencies  were  to  be  responsible  for  Federal  dams  and  non-Federal 
dams  on  Federal  property.  The  Federal  agencies  possessing  technical 
expertise  and  capabilities  in  the  field  of  dam  design  and  construction 


would  be  authorized  to  furnish  technical  assistance  and  guidance  to  the 
states,  upon  request,  concerning  the  implementation  o<^  state  rim  safety 
programs.  The  Chief  of  Engineers  would  be  authorized  to  maintain  the 
national  inventory  of  dams. 

The  Presidential  memorandum  of  April  23,  1977,  in  directing  Federal 
agencies  involved  with  the  design  and  construction  of  dams  to  review 
their  practices  which  could  affect  the  safety  of  dams,  served  to  separate 
efforts  for  insuring  the  safety  of  Federal  dams  from  those  for 
non-Federal  dams.  This  metnorandun  directed  the  heads  of  Federal  agencies 
responsible  for  Federal  dams  to  review  their  practices  which  affect  the 
safety  and  integrity  of  these  structures.  It  directed  the  Chairman  of 
the  Federal  Coordinating  Council  for  Science,  Engineering  and  Technology 
(FCCSET)  to  (a)  convene  an  ad  hoc  interagency  committee  to  coordinate 
Federal  dam  safety  programs,  (b)  provide  recommendaticns  for  improving 
the  effectiveness  of  the  Federal  dam  safety  effort,  and  (c)  prepare 
proposed  Federal  guidelines  for  management  procedures  to  ensure  dam 
safety.  It  also  required  the  Director  of  the  Office  of  Science  and 
Technology  Policy  to  arrange  for  review  of  agency  practices  and  the 
profKised  Federal  guidelines  for  dam  safety  by  a  panel  of  recognized 
experts.  Each  Federal  agency  responsible  for  dams  completed  a  thorough 
review  of  its  management  procedures  relating  to  dam  safety  and  submitted 
a  report  to  the  FCCSET  ad  hoc  committee.  The  FCCSET  committee  issued  a 
comprehensive  report  on  these  studies  which  contained  proposed  Federal 
guidelines  for  dam  safety  and  recommended  future  actions  to  improve  the 
.safety  of  Federal  dams. 
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B.  PROGRAM  REVITALIZATION 


Subsequent  to  the  failure  of  the  Teton  Dam,  near  Newdale,  Idaho,  in 
June  1976,  national  interest  concerning  the  safety  of  dams  Increased. 
Efforts  to  ensure  the  safety  of  non-Federal  dams  were  revitalized  when 
Congress  appropriated  15  million  dollars  in  the  Fiscal  Year  1978  budget 
to  initiate  the  inspection  of  non-Federal  dams.  The  failure  of  the 
Kelley  Barnes  Dam  at  Toccoa  Falls,  Georgia  in  November  1977,  further 
increased  national  concern,  and  the  President,  in  December  1977,  directed 
the  Secretary  of  the  Army  to  commence,  at  once,  a  national  program  to 
inspect  non-Federal  dams. 

The  President  directed  the  Secretaries  of  Interior  and  Agriculture  to 
cooperate  with  the  Secretary  of  the  Army  in  developing  technical  criteria 
and  guidelines  for  inspections  and  assisting  the  states.  He  emphasized 
in  his  directive  that  the  inspection  program  could  not  be  a  substitute 
for  effective  dam  safety  programs  at  the  state  level,  and  the  primary 
objective  of  the  program  was  to  stimulate  the  states  to  develop  effective 
state  dam  safety  programs. 

The  President  asked  the  Secretary  of  the  Army  to  report  back  to  him 
within  one  year  on  the  status  of  the  inspection  effort,  development  of 
state  dam  safety  programs,  and  the  need  for  additional  Federal  actions  to 
assure  national  dam  safety. 
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PART  III 


PROGRAM  DEVELOPMENT 


A.  OBJECTIVES  AND  SCOPE 

1.  Objectives 

With  the  separation  of  the  efforts  for  insuring  the  safety  of 
Federal  and  non~Federal  dams,  and  the  issuance  of  the  Presidential 
directive  in  December  1977,  requiring  the  inspection  of  non-Federal  dams, 
a  four-year  national  program  of  inspection  of  non-Federal  dams  was 
formulated.  The  objectives  of  the  program,  designated  as  the  "National 
Program  of  Inspection  of  Non-Federal  Dams,"  were  defined  as  follows: 

(1)  Update  the  national  inventory  of  dams  by  30  September  1980. 

(2)  Provide  technical  inspection  and  evaluation  of  about  9,000 
non-Federal  dams  by  30  September  1981,  identifying  deficiencies  to  permit 
timely  correction  by  non-Federal  interests. 

(3)  Provide  data  for  a  better  definition  of  a  viable  national  dam 
safety  program,  including  the  Federal  role. 

(4)  Encourage  and  prepare  the  statej  to  implement  effective  dam 
safety  programs  for  non-Federal  dams  by  30  September  1981. 

2.  Scope  of  Inventory  Updating 

The  initial  scope  of  work  established  for  updating  the  national 
inventory  of  dams  provided  for: 


5 


(1)  Verifying  existing  inventory  data. 

(2)  Adding  missing  data  to  the  inventory. 

(3)  Adding  new  data  items  and  corresponding  data  to  the  inventory. 

(4)  Adding  complete  data  for  all  qualifying  dams  not  previously 
listed  in  the  inventory. 

The  scope  of  work  for  the  inventory  was  expanded  in  October  1979,  to 
provide  for  the  documentation  of  inspection  and  remedial  measures 
information  for  dams  in  the  computerised  inventory  data  base. 

3.  Scope  of  Inspections 

The  scope  of  work  established  for  the  dam  inspection  activity 
included  the  inspection  of  the  following  classes  of  dams  as  defined  in 
the  Recommended  Guidelines  for  Safety  Inspection  of  Dams; 

(1)  Dams  presenting  a  high  hazard  potential  because  of  their 
location  relative  to  downstream  development. 

(2)  Dams  presenting  a  significant  hazard  potential  because  of  their 
location  relative  to  lesser  developed  downstream  areas,  and  are  located 
on  Federal  lands. 

(3)  Dams  presenting  a  significant  hazard  potential  and  determined, 
in  consultation  with  state  officials,  to  be  in  a  condition  that  presents 
an  immediate  threat  to  public  safety. 
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B.  ORGANIZATION  AND  RESPONSIBILITV 


1.  Corps  of  Engineers 

A  decentralized  approach  was  used  within  the  Corps  of  Engineers 
for  executing  the  inspection  program.  The  Office  of  the  Chief  of 
Engineers  had  the  responsibility  for  overall  program  direction.  Corps 
field  offices  were  responsible  for  executing  the  program  at  the  state 
level  and  for  providing  general  support  services. 

2.  Other  Federal  Agencies 

The  Departments  of  Interior  and  Agriculture  were  directed  by  the 
President  to  cooperate  with  the  Corps  of  Engineers  in  the  establishment 
of  inspection  criteria,  providing  assistance  to  the  states  and  in  the 
development  of  program  follow-up  recommendations. 

3.  State  Agencies 

Each  state  was  asked  by  the  Corps  of  Engineers  to  manage  and 
execute  the  program  within  the  state  through  an  appropriate  state  agency, 
using  qualified  state  personnel  or  private  engineers  to  perform  the 
work.  States  were  to  be  paid  for  their  efforts  by  the  Corps  on  a  cost 
reimbursable  basis.  Where  states  failed  to  accept  this  responsibility  or 
were  unable  to  develop  the  required  capability.  Corps  field  offices  were 
to  use  available  personnel  or  contract  private  engineers  to  perform 
inventory  and  inspection  activities. 
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The  states  were  also  asked  by  the  Corps  to  assure  that  they  would 
undertake  the  following  activities t 

(1)  Take  actions  necessary  to  implement  effective  programs  for 
regulating  dams  within  their  boundaries,  to  include  the  immediate 
implementation  of  any  existing  state  dam  safety  legislation  and  the 
enactment  of  new  legislation,  if  needed. 

(2)  Participate  in  the  inspection  program  in  a  manner  that  would 
provide  training  for  state  personnel. 

(3)  Use  all  available  means  to  require  remedial  measures  to  be  taken 
expeditiously  in  cases  where  dams  were  determined  to  be  unsafe. 


C.  POLICIES  AND  REGULATIONS 

1.  Policies 

Basic  program  policies  were  established  to  insure  that  the 
inspection  program  would  be  executed  in  accordance  with  the  requirements 
of  P.L.  92-367  and  the  Presidential  directive^  these  werei 

(1)  States  have  the  basic  responsibility  for  the  protection  of  the 
lives  and  property  of  their  citizens. 

(2)  Owners  of  dams  have  the  basic  legal  responsibility  for  hazards 
created  by  their  dams. 

(3)  The  inspection  program  does  not  modify  the  basic  responsibility 
of  states  or  dam  owners. 
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(4)  Remedial  work  recommended  for  inspected  dams  is  the 
responsibility  of  non-Federal  interests  (states  and  dam  owners),  not  the 
Federal  government. 

(5)  Public  Law  92-367  provides  only  for  a  one-time  inspection  of 
each  dami  the  Corps  does  not  have  any  reinspection  responsibility  after 
recommended  remedial  work  has  been  implemented. 

(6)  The  Corps  will  immediately  notify  state  governors  of  hazardous 
conditions  found  during  inspections  and,  upon  request,  will  provide 
advisory  assistance  to  dam  owners  and  governors  in  implementing  emergency 
actions  for  mitigation  of  hazardous  conditions. 

2.  Regulations 

Engineer  Circular  No.  1110-2-188,  specifying  the  procedures  for 
conducting  the  inspection  program,  was  issued  in  December  1977, 
immediately  after  the  initiation  of  inspections.  This  circular  was 
superseded  in  September  1979,  by  Engineer  Regulation  No.  1110-2-106  (See 
Appendix  B) . 
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PART  IV 


PROGRAM  RESULTS 


A.  STATUS  REPORTS 

In  the  directive  requiring  the  initiation  of  the  inspection  of 
non>Federal  dams,  the  President  asked  the  Secretary  of  the  Army  to  report 
to  him  within  one  year  on  the  status  of  the  inspection,  development  of 
state  dam  safety  programs,  and  the  need  for  additional  actions  to  assure 
national  dam  safety.  This  report  was  completed  and  submitted  to  the 
President  in  March  1979.  It  provided  an  in-depth  analysis  of  the  program 
and  recommended  its  continuation  to  assure  that  program  objectives  would 
be  met. 

Internal  status  reports  were  also  compiled  at  the  end  of  FY  1979  and 
FY  1980,  the  second  and  third  years  of  the  inspection  program.  These 
reports  provided  complete  summaries  of  the  program  activities,  including 
the  assessment  of  progress  toward  achieving  program  objectives. 


B,  INVENTORY  OF  DAMS 

1 .  Performance  of  Inventory  Updating 

Data  for  updating  the  inventory  of  dams  were  compiled  in  the 
field  by  the  following  groups  and  provided  to  Corps  field  offices  for 
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editing  and  recording  in  the  computerized  inventory  data  base; 

(1)  Corps  field  offices. 

(2)  Private  engineers  contracted  by  Corps  field  offices. 

(3)  State  personnel. 

(4)  Private  engineers  contracted  by  state  agencies. 

Table  1  of  Appendix  D  shows  the  number  and  percent  of  dams  for  which 
inventory  data  were  compiled  by  each  group. 

Corps  field  offices  compiled  the  data  for  6,422  dams  (9%  of  the 
total).  Approximately  one-third  of  these  were  Federal  dams.  Most  of  the 
remaining  two-thirds  were  located  in  states  which  did  not  manage  the 
inventory  data  compiling,  or  needed  Corps  assistance  to  complete  the  work 
in  the  scheduled  time. 

The  11,402  dams  (17«)  for  which  data  were  compiled  by  private 
engineers  contracted  by  Corps  field  offices  were  primarily  those  dams 
inventoried  during  inspections  and  those  located  in  states  where  Corps 
assistance  was  needed  to  complete  the  work. 

States  which  managed  the  inventory  data  compiling  used  state 
personnel  to  collect  data  for  39,549  dams  (58%)  and  contracted  private 
engineers  to  collect  data  for  10,780  dams  (16%) . 
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2.  Procedures  for  Inventory  Updating 


The  criteria  for  updating  the  inventory  of  dams  were  published 
in  ER  1110-2-106  (See  l^endix  B) .  These  criteria  specified  the  size  of 
dams  to  be  inventoried  and  the  procedures  to  be  used  in  compiling  and 
recording  inventory  data.  Procedures  used  for  compiling  inventory  data 
included  I 

(1)  Review  of  various  records  and  documents. 

(2)  Examination  of  maps. 

(3)  Aerial  photography  and  mapping. 

(4)  Detecting  and  mapping  earth  surface  water  from  remotely  sensed 
multispectral  scanner  data  acquired  by  satellite. 

(5)  Site  visits. 

Records  and  documents  reviewed  were  those  obtained  from  Federal, 
state,  county  and  municipal  agencies,  dam  owners,  designers  and 
contractors.  Included  were  design  and  construction  drawings  and 
specifications,  construction  permits.  Inspection  reports,  tax  records, 
the  Register  of  Dams  in  the  United  States,  and  existing  inventories  of 
Federally  owned  dams. 

Maps  examined  were  USGS  quadrangle,  topographic,  and  planimetric  maps. 

Aerial  photography  was  used  in  some  states  for  general  detection,  but 
primarily  in  remote  areas  for  locating  and  mapping  unrecorded  bodies  of 
water . 
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The  remotely  sensed  data  used  to  detect  earth  surface  water  was 


acquired  by  the  National  Aeronautics  and  Space  Administration's  (NASA) 
Land  Satellite  Multispectral  Scanner  (LANDSAT)  system.  Corps  field 
offices  used  the  Surface  Water  Detection  and  Mapping  (DAM)  software 
package,  also  developed  by  NASA,  in  conjunction  with  LANDSAT  data,  to 
develop  computer -genera ted  maps  of  surface  water. 

Site  visits  were  used  in  most  states  to  collect  data  not  included  in 
existing  records  and  in  several  states  to  obtain  and  verify  all  data. 

All  inventory  data  was  recorded  in  a  computerized  data  base.  A 
complete  description  of  each  data  item  of  this  data  base  is  provided  in 
Appendix  C. 


3.  Problems  Encountered  in  Inventory  Updating 

The  inventory  updating  was  hindered  by  insufficient  state 
personnel  to  perform  the  work  and  the  lack  of  uniformity  in  assigning  the 
hazard  potential  classification  to  the  dams.  The  employing  of  additional 
personnel  by  the  states  and  the  contracting  of  private  engineers  by  Corps 
offices  alleviated  the  personnel  obstacle. 

The  "Recommended  Guidelines  for  Safety  Inspection  of  Dams"  defines 
"high  hazard  potential  dams,”  the  primary  class  of  dam  inspected  under 


the  program,  as  dams  located  where  failure  may  cause  the  loss  of  more 


than  a  few  lives  and  extensive  property  damage.  Because  this  definition 


does  not  cite  a  specific  number  of  lives  that  could  be  lost.  Corps  field 
offices  experienced  difficulty  in  determining  if  dams  should  be 
categorized  as  having  "significant"  or  "high"  hazard  potential.  The 
issue  was  clarified  by  emphasizing  that  the  hazard  potential  classifica¬ 
tion  should  be  based  on  the  density  of  downstream  developments  containing 
habitable  structures.  For  example,  dams  located  upstream  of  isolated 
farm  houses  would  be  classified  as  having  significant  hazard  potential; 
and  those  located  upstream  of  several  houses  or  residential  developments 
would  be  classfied  as  having  high  hazard  potential.  This  clarification 
did  ease  the  difficulty,  but  did  not  result  in  the  desired  level  of 
uniformity . 

4 .  Results  of  Inventory  Updating 

The  updating  of  the  inventory  was  essentially  completed  in 
September  1980,  as  scheduled.  The  revised  inventory  contains  68,153 
dams,  of  which  63,419  meet  the  size  requirements  of  P.L.  92-367  (See 
Appendix  D,  Table  2).  Most  of  the  4,734  dams  listed  in  the  inventory 
which  do  not  meet  P.L.  92-367  size  requirements  were  listed  in  the 
original  inventory,  and  therefore,  retained.  The  total  number  of  dams 
listed  in  the  inventory  represents  the  addition  of  over  18,000  dams  to 
the  original  inventory. 

Table  11  of  Appdendix  D  shows  the  hazard  potential  classification  of 
the  dams  which  meet  P.L.  92-367  requirements.  The  sum  of  "hazard  1 
(high)"  and  "hazard  2  (significant)"  dams  indicates  that  over  20,000  of 


the  dams  inventoried  are  so  located  that  failure  could  cause  the  loss  of 


life  and  property  damage. 

The  updating  process  has  resulted  in  tremendous  inprovement  in  the 
original  inventory.  The  scope  of  the  recorded  data  was  expanded  to 
provide  for  the  documentation  of  information  on  inspections  and  remedial 
measures.  The  computerized  data  base  developed  for  the  inventory 
provides  for  rapid  retrieval  of  doc<  ■nented  data.  Tables  3  through  12  and 
Table  21  of  Appendix  D  provide  useful  tabulated  information  on  the  dams 
listed  in  the  inventory  which  meet  P.L.  92-367  size  requirements. 

5.  Cost  of  Inventory  Updating 

The  total  cost  of  updating  the  inventory  was  about  $11.4  million. 

For  the  68,153  dams  listed  in  the  inventory,  this  is  an  average  cost  of 
about  $170  per  dam.  Table  24  of  Appendix  D  shows  the  total  and  average 
costs  of  inventories  for  each  state.  The  average  costs  range  from  a  low 
of  $18  in  Wyoming  to  a  high  of  $1,048  in  Alaska.  The  states  with  the 
highest  costs  are  those,  in  most  cases,  which  used  aerial  photography 
and/or  visited  all  sites  to  accomplish  the  updating. 

C.  INSPECTION  OF  DAMS 

1 .  Performance  of  Inspections 

The  inspection  and  evaluation  of  dams  were  performed  by  the 
following  groups: 

(1)  Corps  field  offices. 
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(2)  Private  engineers  contracted  by  Corps  field  offices. 


(3)  State  personnel. 

(4)  Private  engineers  contracted  by  state  agencies. 

Table  13  of  Appendix  D  shows  the  number  and  percent  of  dams  inspected  by 
each  group. 

Corps  field  offices  performed  738  inspections  (9%  of  the  total). 

Most  of  these  were  located  in  states  which  did  not  manage  the 
inspections,  or  needed  Corps  assistance  to  complete  the  work  in  the 
scheduled  time. 

The  4,738  dams  (55%)  inspected  by  private  engineers  contracted  by 
Corps  field  offices  were  also  primarily  located  in  the  states  which  did 
not  manage  the  inspections. 

States  which  managed  the  dam  inspections  used  state  personnel  to 
inspect  1,581  dams  (18%)  and  contracted  private  engineers  to  inspect 
1,582  dams  (18%) . 

2.  Procedures  for  Conducting  Inspections 

The  procedures  specified  for  conducting  inspections  are  in 
accordance  with  the  requirements  of  a  "Phase  I  Investigation,"  as 
contained  in  the  "Recommended  Guidelines  for  the  Safety  Inspection  of 
Dams."  These  procedures  provide  for  the  evaluation  of  the  general 
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condition  of  the  dam  with  respect  to  safety,  and  include  the  following 
broad  areas: 

(1)  Review  of  pertinent,  existing,  and  available  engineering  data  on 
the  design,  construction,  and  operation  of  the  dam  and  appurtenant 
structures. 

(2)  Systematic  field  inspection  of  the  dam,  appurtenant  structures, 
reservoir  area  and  downstream  channel. 

(3)  Evaluation  of  hydraulic  and  hydrologic  features  to  determine  the 
capability  of  the  dam's  outlet  works  and  spillway  to  safely  pass  floods 
(%  probable  maximum  flood  that  can  be  passed) . 

(4)  Evaluation  of  structural  stability,  including  an  assessment  of 
seismic  stability. 

(5)  Verification  of  the  hazard  potential  of  the  dam. 

The  inspection  procedures  require  the  deficiencies  found  in  dams  to 
be  described  and  assessed  as  to  their  severity.  Dams  assessed  as  having 
deficiencies  of  such  nature  that  if  not  corrected  could  result  in  failure 
of  the  dam  and  subsequent  loss  of  human  life  and  property  damage  are 
required  to  be  assessed  as  ’’unsafe."  Unsafe  dams  are  assessed  as  being 
in  an  "emergency"  (probable  failure  is  imminent)  or  "non-emergency" 
(probable  failure  is  not  imminent)  condition. 

The  inspection  procedures  also  require  that  state  governors  be 
notified  immediately  of  all  "unsafe"  dams  and  that  emergency  procedures 
be  recommended  for  "emergency -unsafe"  dams. 
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Inspections  were  conducted  generally  in  accordance  with  the  specified 
criteria.  However,  interpretation  of  some  of  the  criteria  allowed  the 
application  of  different  techniques  and  the  use  of  ranges  of  values  that 
caused  some  inconsistencies. 

3.  Problems  Encountered  in  Conducting  Inspections 

Several  problems  were  encountered  in  conducting  the  inspections. 
These  problems  required  considerable  efforts  for  resolution,  caused 
delays,  and,  in  some  cases,  affected  the  overall  outcome  of  the 
inspections.  Major  problems  encountered  pertained  to  the  following  areas 

(1)  Technical  staffing. 

(2)  State  participation. 

(3)  Identifying  and  locating  dam  owners. 

(4)  Rights-of-entry . 

(5)  Private  engineer  services. 

(6)  Hazard  potential  classification. 

(7)  Available  engineering  data. 

(8)  Inspection  criteria 

a.  Technical  Staffing.  The  inspections  required  the  diversion 
of  Corps  technical  staff  from  other  duties.  Many  state  agencies  were 
similarly  strained  and  did  not  provide  the  desired  level  of  staffing 
during  the  entire  program.  This  inadequacy  is  reflected  in  the  level  of 
state  performance,  as  previously  discussed,  and  in  the  development 
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of  state  dam  safety  programs,  as  discussed  later.  The  lack  of  adequate 
state  staffing  resulted  in  the  use  of  Corps  personnel  and  private 
engineers  in  excess  of  that  planned.  State  officials  indicated  the 
unlikeliness  of  a  continuing  state  inspection  program  as  large  as  the 
Federally  funded  program  prevented  them  from  increasing  their  staffs. 

b.  State  Participation.  Most  states  participated  in  the 
program  almost  at  the  level  agreed  to  at  the  outset  of  the  program. 
However,  several  states  did  not  sufficiently  manage  the  inspection 
activities  or  adopt  adequate  regulatory  practices.  State  officials 
indicated  that  they  supported  the  development  of  state  funded  and  managed 
dam  safety  programs  for  states,  but  that  the  lack  of  adequate  state 
legislation  and  funds  restricted  the  development  of  such  programs. 

Again,  the  level  of  state  participation  was  directly  proportional  to 
state  capability  at  the  beginning  of  the  program  and/or  to  the  degree  of 
improvement  in  state  programs. 

c.  Identifying  and  Locating  Owners.  Inspection  efforts  were 
hindered  by  the  inability  to  identify  or  locate  several  dam  owners.  In 
some  cases,  the  ownership  of  dams  was  subject  to  court  litigation. 

Several  dam  owners  were  Identified  in  the  records  but  could  not  be 
located.  State  officials  had  to  invoke  legal  actions  to  provide  for  the 
inspection  of  dams  of  questionable  ownership. 

d.  Rights-of-Entry.  Since  the  Corps  did  not  have  specific 
authority  under  P.L.  92-367  for  rights-of -entry  to  inspect  dams,  program 
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plans  called  for  state  officials  to  obtain  these  rights  from  dam  owners. 
The  rights-of-entry  were  not  obtained  by  state  officials  in  all  states. 
Rights-of-entry  were  denied  by  11  dam  owners  in  Alabama>  6  in  Missouri, 
and  one  in  Arizona.  Court  actions  were  required  to  obtain 
rights-of-entry  to  inspect  several  dams  in  Virginia  and  one  in 
Connecticut.  Indiana  did  not  obtain  rights-of-entry  for  several  dams 
until  late  in  the  last  year  of  the  program.  These  obstacles  to 
rights-of-entry  affected  scheduling  and  obviously  caused  delays. 

e.  Private  Engineer  Services.  Performance  of  private 
engineering  firms  engaged  to  perform  inspections  was,  generally, 
satisfactory.  However,  some  firms  contracted  in  the  first  year  of  the 
program  lacked  engineers  experienced  in  hydrology  and  hydraulics.  Also, 
concern  for  the  potential  for  being  subjected  to  liability  claims  caused 
some  private  engineering  firms  not  to  accept  contracts.  These  firms 
feared  that  claims  could  result  from  situations  where  (a)  a  dam  failed 
due  to  some  cause  not  detected  by  the  inspection  or  (b)  a  dam  was 
evaluated  as  unsafe  and  the  owner  disagreed  with  the  evaluation.  These 
concerns  did  reduce  the  number  of  firms  willing  to  accept  contracts* 
however,  a  sufficient  number  of  qualified  firms  were  available. 

f.  Hazard  Potential  Classification  for  Dams.  Since  the 
Inventory  data  for  dams  were  updated  and  verified  during  both  the 
inventory  and  inspection  activities,  the  problem  of  determining  the 
hazard  potential  classification  for  dams,  as  previously  presented  in  the 
discussion  of  problems  associated  with  the  Inventory,  also  increased  the 
efforts  required  to  conduct  inspections. 
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g.  Available  Engineering  Data.  The  lack  of  available 


engineering  design  and  construction  data  on  many  of  the  dams  made  the 
inspections  more  difficult.  This  was  a  recurring  problem  in  many  states, 
particularly  those  without  standards  for  review  and  approval  of  designs 
and  issuing  permits  for  construction.  Also,  some  dam  owners  were 
reluctant  to  cooperate  and  did  not  provide  available  data.  In  cases 
where  there  was  not  sufficient  engineering  data  to  make  valid  assessments 
of  dams,  it  was  recommended  that  dam  owners  secure  the  services  of 
professional  engineers  to  perform  more  extensive  investigations  of  the 
dams. 


h.  Inspection  Criteria.  In  a  number  of  states,  problems  arose 
over  the  differences  between  the  inspection  criteria  specified  in  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  and  the  criteria 
used  by  state  agencies.  The  most  serious  difference  related  to  the 
required  spillway  capacity.  Also,  differences  in  the  application  of 
criteria  by  Corps  field  offices  were  attributed  as  the  primary  cause  for 
the  large  variances  experienced  between  the  states  in  the  percentage  of 
unsafe  dams. 


(1)  Inadequate  Spillway  Capacity.  The  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  establish  the  probable  maximum 
flood  (PMF)  or  some  percentage  thereof  (based  on  the  size  of  the  dam  and 
its  hazard  potential)  as  screening  criteria  for  spillway  capacity.  That 
is,  when  the  failure  of  a  dam  due  to  overtopping  could  result  in  the  loss 
of  life,  it  should  be  capable  of  passing  the  PMF. 
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The  PMF  is  derived  from  the  most  extreme  rainfall  estimated  by  the 
National  Weather  Service  (NWS)  for  a  specific  area.  It  is  calculated  by 
use  of  a  watershed  runoff  model r  designed  to  produce  critical  runoff  for 
the  area  being  examined  by  assuming  a  high  level  of  antecedent  rainfall 
and  optimum  peaking  conditions  (see  Appendix  B,  page  B-52) .  Although 
this  runoff  represents  a  rare  flood  condition,  studies  by  NWS  of  major 
storms  indicate  that  many  of  these  storms  have  exceeded  50  percent  of  the 
precipitation  expected  to  produce  PMF's.  In  fact,  some  storms  recorded 
were  as  high  as  80-90  percent  of  the  expected  precipitation  for  PMF's. 

Since  most  states  do  not  have  specific  requirements  regarding  the 
capability  of  dams  to  pass  floods,  and  because  the  design  of  dams  to  pass 
the  PMF  without  overtopping  greatly  increases  cost,  very  few  existing 
non-Federal  dams  were  found  adequate  to  pass  the  PMF  without  over- 
tc  ping.  It  became  obvious  that  the  continued  application  of  the 
guidelines  criteria,  without  change,  would  result  in  unsafe  evaluations 
for  n-.ost  of  the  non-Federal  dams. 

The  states  could  not  be  expected  to  require  modification  of  the 
spillways  of  essentially  all  "high  hazard  potential"  dams  to  provide  for 
passing  the  PMF,  particularly  those  which  could  pass  a  large  percentage 
of  the  PMF.  Therefore,  it  was  necessary  to  establish  criteria  which 
would  determine  if  the  capacity  of  a  dam's  spillway  was  so  "seriously 
inadequate"  as  to  constitute  an  unsafe  condition.  The  criteria 
established  specified  that  a  dam  is  considered  to  have  a  "seriously 
inu  iequate"  spillway  anC  is  thereby  "unsafe"  if  it  meets  all  of  the 
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following  conditions; 


(1)  The  dam  presents  a  high  hazard  potential  to  downstream 
development . 

(2)  The  dam  cannot  pass  one-half  the  PMF  without  overtopping,  and 
there  is  reasonable  probability  that  overtopping  would  cause  the  dam  to 
fail. 

(3)  Failure  of  the  dam  would  significantly  increase  the  potential 
for  loss  of  life  downstream  from  the  dam.  (See  Appendix  B,  page  B-30  for 
a  more  detailed  discussion.) 

(2)  Criteria  Application.  An  analysis  conducted  by  the 
Corps  to  determine  the  reasons  for  the  large  variances  between  states  in 
the  percentage  of  dams  evaluated  as  unsafe  revealed  that  Corps  field 
offices  applied  hydrological,  hydraulic,  and  geotechnical  assumptions 
more  conservatively  in  some  states  than  others.  Reasons  for  these 
different  levels  of  conservatism  stemmed  largely  from  the  fact  that 
widely  varying  amounts  of  necessary  background  data  were  available  on 
important  engineering  design  and  construction  parameters. 

The  conservative  application  of  geotechnical  assumptions  stemmed  from 
the  fact  that  many  structures  had  little  or  no  instrumentation,  design 
documentation,  or  as-built  construction  records.  Therefore,  subjective 
judgements  had  to  be  made  on  design  parameters  such  as  foundation 
strength  properties,  pore  and  uplift  pressures,  etc.  Faced  with  these 
important  unknowns,  judgements  were  influenced  by  local  experience,  and 
were,  in  most  cases,  conservative. 
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Another  area  of  judgement  had  to  do  with  erosion  resistance  of 
embankment  dams  when  overtopped.  For  the  most  part,  earth  or  rockfill 
embankment  dams  are  considered  to  be  unable  to  safely  sustain  overtopping 
of  any  magnitude  or  duration.  However,  some  Corps  field  offices 
concluded  that  some  dams  could  safely  withstand  overtopping  of  small 
magnitude  and  short  duration.  But,  in  most  cases  where  dams  were 
calculated  to  experience  overtopping,  even  when  the  properties  of  the 
embankment  materials  were  known,  conservative  judgements  were  made  as  to 
the  structures'  resistance  to  erosion  caused  by  overtopping. 

It  is  recognized  that  the  criteria  given  in  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  for  evaluating  dams  represent 
higher  standards  of  dam  design  and  construction  than  required  by  many 
states.  However,  these  guidelines  represent  a  consensus  of  experts  in 
dam  engineering,  representing  several  Federal  and  state  agencies,  private 
consultants,  and  professional  engineering  societies,  and  it  would  be 
remiss  not  to  apply  such  standards  to  non-Federal  dams. 

4.  Results  of  Inspections 

A  total  of  8,818  dams  were  inspected  under  the  four-year 
program.  Of  this  number,  8,639  met  the  size  requirements  of  P.L.  92-367. 
Most  of  the  179  dams  inspected  which  did  not  meet  the  size  requirements 
were  only  slightly  smaller  than  the  required  size.  State  officials 
scheduled  these  dams  for  Inspection  primarily  because  their  sizes  were 
marginal  and  they  were  located  upstream  of  heavily  populated  areas. 
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a.  Unsafe  Dams.  Of  the  toted  8,818  dams  inspected,  2,925  were 
evaluated  as  unsafe.  a  national  basis,  the  2,925  unsafe  dams  represent 
33%  of  all  dams  inspected.  The  percentage  of  unsafe  dams  varied  between 
the  states,  ranging  from  a  low  of  3.3%  in  California  to  a  high  of  74.3%  in 
Missouri.  Of  the  8,639  dams  inspected  which  met  the  size  requirements  of 
P.L.  92-367,  2,884  (also  about  33%)  were  evaluated  as  unsafe)  for  these 
dams.  Table  14  of  Appendix  D  shows  for  each  state  the  number  and  percent  of 
dams  evaluated  as  unsafe  and  the  number  of  unsafe  deuns  in  an  emergency  or 
non -emergency  condition. 

Tables  15,  16  and  17  of  /^endix  O  provide  summaries  of  deficiencies 
causing  dams  to  be  unsafe.  The  summary  of  primary  deficiencies  in  shown 
in  Table  15.  This  summary  includes  a  variety  of  deficiencies  distributed 
as  follows* 

(1)  Inoperable  water  control  components,  such  as  gates,  valves  and 
drains  (2%) . 

(2)  Instability  (5%). 

(3)  Seepage  (8%). 

(4)  Inadequate  spillway  and/or  outlet  capacity  (81%) . 

(5)  Defective  structural  ccmiponents,  such  as  penstocks  and  gates  (3%). 

(6)  Other  (1%) . 

Table  16  provides  a  summary  of  unsafe  dams  with  a  single  deficiency,  and 
Table  17  provides  a  summary  of  unsafe  dams  with  multiple  deficiencies. 
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Ihe  enumeration  of  deficiencies  found  does  not,  alone,  convey  the 
seriousness  of  the  problems  found  at  many  of  the  unsafe  dams.  Exeuaples 
of  extremely  poor  design,  construction  and  maintenance  were  found  at  many 
dams. 

Table  18  of  Appendix  D  shows  the  number  of  unsafe  dams  owned  by  the 
Federal  and  local  governments,  organizations,  and  one  or  more 
individuals.  Athough  there  is  considerable  variation  in  the  range  of  the 
number  of  unsafe  dams  owned  by  the  various  groups,  there  is  no 
established  correlation  between  ownership  and  condition  of  dams. 

The  11  unsafe  Federal  dams  were  inspected  at  the  request  of  the 
owning  agencies.  These  Inspections  were  performed  by  Corps  personnel  on 
a  cost-reimbursable  basis. 

b.  Significant  Hazard  Potential  Category  non-Federal  Dams  on 
Federal  Lands.  The  sampling  inspection  of  significant  hazard  potential 
non-Federal  dams  was  Initiated  in  FY  1980.  The  purpose  of  the  sampling 
Inspection  was  to  determine  if  the  condition  of  these  dams  warranted  the 
inspection  of  all  dams  in  this  category. 

A  numerical  rating  procedure,  based  on  the  descriptive 
characteristics,  or  categories,  of  age,  height,  and  maximum  water 
impounding  capacity  of  dams,  was  developed  to  select  the  sample  of  dams 
to  be  inspected.  Age  was  selected  as  a  category  because  of  the 
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possibility  of  being  directly  related  to  obsolete  design  parameters  and  a 
lack  of  maintenance.  Size,  as  represented  by  height  and  impounding 
capacity,  was  selected  because  of  being  directly  related  to  the  hazard 
potential.  The  categories  and  corresponding  rating  factors  are  shown 
below; 


CATEGORIES 


RATING  FACTORS 


Age  (years) 

0-5  (1) 
5-50  (2) 
over  50  (3) 

Height  (feet) 

6-40  (1) 
40-100  (2) 
over  100  (3) 

Maximum  Capacity  (acre-feet) 

50-1,000  (1) 
1,000-50,000  (2) 
over  50,000  (3) 


A  numerical  rating  was  computed  for  each  dam  by  adding  the 
corresponding  rating  factors  for  each  of  the  three  categories  (A  dam  that 
is  20  years  old,  150  feet  in  height  and  has  a  maximum  capacity  of  40,000 
acre-feet  would  have  a  rating  of;  2+3+2=7) .  Each  dam  could  have 
received  a  rating  of  3  to  9. 


About  25%  of  the  dams  in  each  numerical  rating  were  to  be  inspected 
in  each  state.  If  more  than  25%  of  the  inspected  dams  were  evaluated  as 
unsafe,  all  of  the  significant  hazard  potential  category  dams  on  Federal 
lands  would  have  been  recommended  for  inspection. 
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Table  19  shows  the  number  of  dams  in  each  category  and  the  ratings  in 
each  state.  Table  20  shows  the  total  number  of  significant  hazard 
potential  category  dams  on  Federal  lands  in  each  state,  the  number  of 
dams  inspected,  and  the  number  of  dams  evaluated  as  unsafe.  California 
had  inventoried  over  100  significant  hazard  potential  non-Federal  dams  on 
Federal  lands,  but  due  to  experiencing  an  overall  low  percentage  of 
unsafe  dams,  chose  not  to  participate  in  the  sampling  inspection. 

Only  10%  (9  of  98)  of  the  inspected  dams  were  evaluated  as  unsafe. 
This  percent  is  significantly  less  than  the  25%  determined  to  warrant 
inspection  of  all  significant  hazard  potential  category  dams  located  on 
Federal  lands. 

5.  Remedial  Measures  for  Dams 

Corrective  measures  for  remedying  deficient  or  seemingly 
deficient  conditions  found  in  dams  were  recommended  in  all  inspection 
reports  provided  to  state  governors  and  dam  owners. 

a.  Emergency  Measures.  Emergency  measures  to  eliminate  the 
potential  for  imminent  failure  were  recommended  for  the  132  dams 
evaluated  as  being  in  an  "emergency-unsafe"  condition.  These  measures 
included  partial  or  complete  draining  of  the  reservoir,  or  breaching  the 
dam.  In  some  cases  repairs  were  made  immediately.  Corps  field  offices 
d  listed  in  the  implementation  of  emergency  measures  for  several  dams,  as 
authorized  by  P.L.  84-99. 


b.  Non -Emergency  Measures.  The  liun-emergency  measures 
recommended  for  dams  indicated  the  need  to  remedy  deficiencies,  and 
usually  suggested,  because  the  initial  Phase  I  investigations  were  based 
upon  limited  data  and  visual  inspections,  the  need  to  conduct  more 
extensive  investigations.  Examples  of  recommendations  made  for  dams  are 
as  follows: 

(1)  Develop,  implement,  and  periodically  test  an  emergency  warning 
plan  for  use  in  the  event  of  dam  distress. 

(2)  Conduct  mote  detailed  hydrologic  and  hydraulic  routing  studies 
to  better  determine  the  downstream  hazard  and  required  spillway  capacity, 
and  modify  the  project  as  studies  indicate. 

(3)  Make  an  assessment  of  the  phreatic  surface  through  the  dam  by 
installing  piezometers.  Perform  and  place  on  file  a  slope  stability 
analysis  of  the  embankment.  This  analysis  should  be  conducted  by  a 
qualified  geotechnical  engineer  and  be  based  on  actual  phreatic  surface 
and  in  situ  material  strength  characteristics.  Modify  the  project  as 
studies  indicate. 

(4)  Develop  and  implement  a  periodic  inspection  and  maintenance  plan. 

The  states  were  responsible  for  requiring  dam  owners  to  implement 
recommended  remedial  measures  for  unsafe  dams  and  for  providing  the  Corps 
the  results  of  the  remedial  measures  taken  by  dam  owners.  Table  22  of 
Appendix  D  shows  the  recorded  data  on  unsafe  dams  on  which  remedial 
measures  have  been  completed  or  initiated,  the  number  of  dams  breached, 
and  the  number  of  dams  on  which  no  remedial  measures  have  been  recorded. 
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The  1,849  dams  for  which  no  remedial  measures  have  been  recorded 
represent  64%  of  the  unsafe  dams  which  meet  the  size  requirements  of 
P.L.  92-367.  This  large  percentage  indicates  that  dam  owners  are  not 
adequately  implementing  remedial  measures,  and/or  the  states  are  not 
adequately  monitoring  remedial  measures  taken  by  dam  owners.  Some  states 
offered  the  lack  of  adequate  resources  and  authority  as  reasons  for  not 
requiring  dam  owners  to  Implement  remedial  measures  and  have  not  provided 
evidence  that  this  situation  will  change.  Dam  owners  cited  their 
inability  to  finance  remedial  measures  and  their  non-acceptance  of  the 
assessment  that  dams  evaluated  as  unsafe  due  to  Inadequate  spillway 
capacity  are  subject  to  probable  failure  due  to  overtopping  as  reasons 
for  not  implementing  remedial  measures. 

c.  Cost  of  Remedial  Measures.  Table  23  of  Appendix  D  shows  the 
available  recorded  data  on  the  cost  of  implementing  remedial  measures  for 
dams.  Host  of  the  data  shown  are  for  constructing  or  enlarging 
spillways,  repairing  earth  embankment  and  concrete  gravity  sections,  and 
breaching  dams.  Significant  cost  data  are  also  shown  for  engineering 
investigations,  or  studies,  including  dam-break  and  overtopping-stabillty 
analyses. 

An  average  cost  per  dam  for  types,  or  combination  of  types,  of 
remedial  measures  can  be  computed  from  the  cost  data  shown  in  Table  22. 
However,  since  the  data  do  not  include  Information  on  the  scope  of 
remedial  measures  Implemented  for  dams,  projecting  such  data  as  general 
estimates  of  cost  for  remedial  measures  would  be  misleading.  Detailed 
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design  and  construction  data  are  needed  to  provide  true  estimates 


6.  Cost  of  Inspections 

The  total  cost  of  inspections  was  about  $77.6  million.  For  the 
total  8,618  dams  inspected,  this  is  an  average  cost  of  about  $8,800  per 
dam.  Table  24  of  Appendix  D  shows  the  total  and  average  costs  of 
inspections  for  each  state.  The  average  cost  of  inspections  ranges  from 
a  low  of  $5,400  in  North  Carolina  to  a  high  of  $17,900  in  California. 

Comparisons  of  the  scopes  of  work  of  inspections  generally  show  a 
correlation  of  lower  cost  to  smaller  scopes  of  work  and  higher  cost  to 
larger  scopes  of  work.  However,  this  is  not  true  in  all  cases,  and  the 
low  and  high  cost  of  inspections  in  some  states  as  compared  to  others  is 
attributed  to  other  unidentified  causes. 

D.  STATE  DAM  SAFETY  PROGRAMS 

Plans  for  implementing  effective  state  dam  safety  programs  called  for 
the  following  state  actions < 

(1)  Immediate  implementation  of  any  existing  legislation,  or  the 
enactment  of  required  new  legislation  and  the  corresponding 
implementation  of  regulatory  procedures  for  effective  dam  safety  programs 

(2)  Participation  in  the  inspection  program  in  a  manner  that  wo^ 
provide  training  for  state  personnel. 
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1.  state  Legislation  and  Regulatory  Practices 

As  previously  indicated,  the  report  transmitted  to  Congress  in 
November  1976  included  recommendations  for  a  coiq>rehensive  national  dam 
safety  program  based  upon  the  provisions  of  the  USCOU)  "Hodel  Law  for 
State  Supervision  of  Safety  of  Dams  and  Reservoirs.*  This  model  was  also 
reconmened  as  the  basis  for  formulating  state  dam  safety  legislation  and 
regulatory  procedures.  Briefly,  it  provides  that  the  state  regulatory 
agency  for  dams  should  perform  the  following  functions  to  insure  the 
adequacy  of  dams  and  reservoirst 

(1)  Review  and  aj^rove  plans  and  specifications  to  construct, 
enlarge,  modify,  remove,  or  abandon  dams. 

(2)  Perform  periodic  inspections  during  construction  for  the  purpose 
of  insuring  compliance  with  approved  plans  and  specifications. 

(3)  Upon  completion  of  construction,  issue  certificates  of  approval 
permitting  the  impounding  of  water. 

(4)  Investigate  dams  and  resarvoirs  at  least  every  five  years  to 
determine  their  continued  safety. 

(5)  Issue  notices,  when  appopriate,  to  require  owners  of  the  dams 
and  reservoirs  to  perform  necessary  maintenance  or  remedial  work,  revise 
(derating  procedures,  or  take  other  actions,  including  breaching  dams 
when  deemed  necessary. 

iq>pendix  E  provides  final  program  evaluations  of  state  dam  safety 
programs  based  upon  the  attributes  of  dam  safety  legislation,  regulatory 
functions  {as  indicated  above),  state  funding,  and  technical  staffing. 
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and  shows  the  states  which  plan  to  maintain  or  implement  adequate 
programs  in  the  future.  A  summary  of  Appendix  E  shows; 


(1)  Forty  (40)  states  have  effective  dam  safety  legislation. 

(2)  Alabama,  Delaware,  Hawaii,  South  Dakota,  Puerto  Rico  and  the 
U.S.  Trust  Territories  have  no  dam  safety  legislation. 

(3)  Thirty-four  (34)  states  have  implemented  effective  regulatory 
practices. 

(4)  IVenty-nine  (29)  states  have  employed  adequate  technical 
staffing . 

(5)  Sixteen  (16)  states  have  developed  programs  which  are  completely 
adequate.  These  states  are  Arizona,  California,  Colorado,  Georgia, 
Kentucky,  Maryland,  Nebraska,  New  Jersey,  New  Mexico,  North  Dakota, 
Pennsylvania,  Rhode  Island,  South  Carolina,  Texas,  Utah  and  Wyoming. 

(6)  The  16  states  with  adequate  programs  and  two  additional  states 
have  indicated  that  they  will  provide  adequate  funding  for  their  programs 
without  Federal  aid. 

(7)  Seventeen  (17)  states  with  deficient  programs  have  indicated 
that  they  plan  to  implement  adequate  programs  in  the  near  future. 

2.  State  Participation 

Participation  in  the  inspection  program  by  the  states  in  a  manner 
that  would  provide  training  for  state  personnel  required  state  management 
of  inventory  and  inspection  activities  and  participation  in  all  training 
provided  by  the  Corps. 
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a.  Inventory  and  Inspection  Activities.  As  previously 
discussed,  state  personnel  managed  the  data  compiling  for  73%  of  the 
inventory  updating  and  managed  36%  of  the  Inspections.  Comparison  of 
state  performance  data  in  Tables  1  and  13  of  Appendix  D  with  the 
evaluations  of  state  programs  in  Appendix  E  shows  that  the  assessed 
adequacy  of  state  programs  is  directly  related  to  the  level  of  state 
participation  or  performance  in  the  program. 

b.  Training  of  State  Personnel.  Most  states  partcipated  in  the 
training  provided  for  state  personnel.  During  the  first  two  years  of  the 
program  (FY  78  and  FY  79),  the  training  of  state  personnel  was  limited  tos 

(1)  Seminars  on  the  procedures  for  investigating  and  evaluating  the 
safety  of  dams. 

(2)  Exposure  to  the  inspection  process  by  participating  in  actual 
dam  Inspections. 

(3)  Instructions  on  the  use  of  LANDSAT  satellite  data  for  detecting 
and  locating  water  surfaces  to  verify  and  update  the  national  inventory 
of  dams. 

During  FY  80  and  FY  81,  the  Corps  conducted  a  total  of  7  sessions  of 
a  one-week  course  designed  to  train  state  engineers  to  assess  the  general 
condition  of  dams  with  respect  to  safety,  based  upon  available 
engineering  data,  visual  inspection,  and  limited  engineering  analyses. 
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and  to  determine  what  emergency  or  remedial  measures  or  additional 
engineering  studies  wer.;  necessary.  These  sessions  were  attended  by  164 
state  engineers  and  technicians.  Each  state,  except  Illinois,  Maine, 
North  Dakota,  Utah,  Virgin  Islands  and  Wisconsin,  sent  one  or  more 
representatives.  Engineers  from  Corps  field  offices.  Soil  Conservation 
Service,  Federal  Emergency  Management  Agency,  Forest  Service,  and  Bureau 
of  Reclamation  also  attended  these  sessions. 

A  consultant  engineering  firm,  under  contract  to  the  Corps,  developed 
the  training  course  and  presented  the  course  sessions.  The  cost  of  the 
sessions  were  about  $900  per  student.  Evaluations  of  the  sessions 
indicated  that  they  were  very  helpful  in  preparing  the  states  to 
implement  effective  dam  safety  programs. 
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PART  V 


PROGRAM  IMPACT 


A.  OWNERS  OF  DAMS 


The  impact  of  the  inspection  program  on  owners  was  varied.  The 
owners  of  all  dams  inspected  were  provided  technical  information 
regarding  their  dams  through  inspection  reports.  These  reports  made  them 
aware  of  the  need  for  maintenance  and  proper  design  and  construction  of 
dams  to  insure  safety. 

The  owners  of  unsafe  dams  were  more  severely  affected.  Not  only  were 
these  owners  face*  with  the  need  to  provide  funds  for  the  repair  of  their 
damsr  they  were  confronted  with  the  threat  of  loss,  or  loss  of  the  use  of 
the  water  in  the  reservoirs  of  these  dams,  and  the  reduction  in  value  of 
property  surrounding  the  reservoirs.  They  were  also  confronted  with  the 
issue  of  liability  for  the  hazards  presented  by  their  dams  and  subjected 
to  various  legal  actions  and  adverse  publicity  regarding  their  dams. 

Generally,  the  impact  of  the  program  was  less  severe  on  financially 
solvent  owners  than  owners  of  dams  who  indicated  the  inability  to  fund 
recommended  remedial  measures.  Some  Individual  owners  and  organizations, 
such  as  water  supply  companies  and  state  and  municipal  agencies,  readily 
implemented  remedial  measures  recommended  for  their  dams.  The  owners  who 
Indicated  the  inability  to  provide  funds  for  recommended  remedial 
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measures  have  generally  provided  less  maintenance  for  their  dams,  and 
offered  the  greatest  resistance  to  complying  with  program  requirements. 

There  were  some  areas  of  commonality  among  owners  of  dams  inspected 
under  the  program.  Many  owners  expressed  the  belief  that  the  condition 
of  their  dam  was  not  as  severe  as  indicated  in  the  inspection  report, 
particularly  if  the  dam  had  been  in  existence  for  many  years  without 
experiencing  "problems."  Flood  criteria,  particularly  probable  maximum 
flood  (PMF) ,  were  also  rejected  by  many  owners. 

It  is  expected  that  as  a  result  of  the  inspection  program,  dam  owners 
will  provide  better  maintenance  for  their  dams,  and  owners  of  future  dams 
will  seek  to  insure  that  these  dams  are  better  designed  and  constructed. 


B.  DOWNSTREAM  INHABITANTS 


Prior  to  the  inspection  program,  many  downstream  inhabitants  were 
unaware  that  a  dam  was  located  upstream  of  them,  or  of  the  potential 
hazards  presented  by  the  dam.  Unless  these  downstream  inhabitants  were 
informed  by  the  media  or  local  officials,  the  inspection  program  had 
little  Impact.  When  downstream  residents  were  made  fully  aware  of  the 
situation  involving  dams  and  warning/evacuation  plans  implemented,  their 
response  was  generally  positive.  States  generally  responded  to  inquiries 
from  downstream  inhabitants.  Some  states  are  now  in  the  process  of 
trying  to  combine  flood  insurance  programs  with  dam  safety  programs  in 


order  to  provide  increased  protection  for  dovmstream  inhabitants. 
Obviously,  where  dam  owners  have  taken  corrective  actions  for  deficient 
dams  and/or  provided  emergency  warning  systems,  downstream  residents  are 
better  protected. 

C.  STATE,  COUNTV,  AND  MUNICIPAL  GOVERNMENTS 


The  impact  of  the  inspection  program  on  state  governments  was 
two-pronged.  States  were  involved  in  the  program  as  co-managers  with  the 
Corps  emd  as  dam  owners.  The  impact  on  states  resulting  from  their 
cooperation  with  the  Corps  in  conducting  the  program  is  discussed 
throughout  this  report.  The  impact  on  states  as  dam  owners,  as  well  as 
county  and  municipal  governments,  was  generally  the  same  as  for  other 
private  dam  owners.  However,  these  governments,  as  public  service 
entities,  had  a  greater  need  amd  organizational  and  financial  capability 
to  respond  positively  to  the  program  than  private  owners.  However, 
officials  of  these  governments  also  indicated  that  the  funds  used  for 
implementing  remedial  measures  were  difficult  to  obtain. 

It  is  expected  that  since  state,  county,  and  municipal  governments 
are  responsible  for  the  development  of  their  communities  and  for 
providing  safety  and  emergency  sevices,  the  Increased  awareness  generated 
by  the  program  will  aid  them  in  the  development  and  management  of  flood 
plain  areas,  and  in  the  design,  construction,  maintenance,  and  operation 
of  dams. 


38 


D.  FEDERAL  AGENCIES 


When  the  President  directed  the  initiation  of  inspections  in  December 
1977,  he  directed  the  Secretaries  of  the  Interior  and  Agriculture  to 
cooperate  with  the  Secretary  of  the  Army  in  the  development  of  technical 
criteria  and  guidelines  for  inspections  and  assistance  to  the  states. 

This  led  to  the  direct  involvement  of  Department  of  Agriculture  agencies, 
including  the  Soil  Conservation  Service  and  Forest  Service,  and 
Department  of  the  Interior  agencies,  including  the  Bureau  of  Reclamation, 
National  Park  Service,  Bureau  of  Land  Management,  and  Bureau  of  Indian 
Affairs.  These  agencies  provided  the  Corps  of  Engineers  available 
information  on  all  dams  for  which  they  had  some  responsibility,  including 
those  located  on  lands  under  their  jurisdiction. 

Program  activities  were  also  coordinated  with  other  Federal  agencies 
which  owned  dams,  had  regulatory  responsibilities  for  non-Federal  dams, 
or  had  non-Federal  dams  located  on  lands  under  their  jurisdiction. 

The  Soil  Conservation  Service  (SCS)  reviewed  draft  inspection  reports 
and  furnished  technical  assistance  to  owners  effecting  recommended 
remedial  measures  on  dams  for  which  they  had  provided  financial,  design, 
construction,  and/or  maintenance  assistance. 

Several  SCS  assisted  dams  were  classified  as  unsafe.  This  was 
attributed  to  the  use  of  criteria  different  than  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  for  assessing  hazard  potential 
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classifications  oF  dams,  and  the  use  of  different  methods  of  establishing 
the  probable  maximum  precipitation  and  unit  hydrograph  for  runoff  areas. 
Also,  in  many  cases,  the  population  density  had  increased  significantly 
since  the  dams  were  designed  and  constructed.  As  a  result  of  these 
situations,  the  SCS  has  reviewed  their  design  procedures. 

The  Mine  Safety  and  Health  Administration  of  the  Department  of  Labor 
was  furnished  copies  of  all  inspection  reports  for  dams  associated  with 
mining  operations. 

The  Bureau  of  Indian  Affairs  requested  the  inspection  of  their  dams 
and  Indian-owned  dams  on  trust  lands  under  their  jurisdiction.  Some 
other  Federal  dams  were  also  inspected  on  a  cost-reimbursable  basis  at 
the  request  of  the  owning  agencies. 

The  Federal  Energy  Regulatory  Commission  of  the  Department  of  Energy 
furnished  the  Corps  with  listings  of  projects  licensed  and  those  for 
which  applications  for  licenses  were  pending  to  insure  that  dams 
regulated  by  them  would  not  be  inspected  under  the  program. 

The  Federal  Emergency  Management  Agency  (FEMA)  was  assigned  certain 
responsibilities  for  dam  safety  under  Executive  Order  12148,  dated  July 
20,  1979.  FEMA's  principal  responsibilities,  as  related  to  non-Federal 
dams,  are  to  facilitate  long-term  dam  safety  programs  within  the  states 
and  private  sector  and  assist  the  Administration  in  defining  an 
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appropriate  Federal  role  in  non-Federal  dam  safety,  including  avenuer  for 
Federal-state  cooperation. 

To  assist  FEMA  in  accomplishing  this  task,  program  activities  were 

* 

continuously  coordinated  with  FEMA,  including  furnishing  monthly  progress 
reports  and  inspection  reports  for  dams  evaluated  as  unsafe.  FEMA  also 
conducted  dam  safety  seminars  throughout  the  country.  Corps  personnel 
participated  in  these  seminars.  Other  participants  and  audiences 
consisted  of  interested  individuals  from  Federal,  State,  county  and 
municipal  government  agencies,  and  the  private  sector. 

The  National  Academy  of  Science  has  agreed  to  undertake  a  special 
study  of  FEMA's  efforts  in  dam  safety.  The  Assembly  of  Engineering  of 
the  National  Academy  of  Science  is  using  data  from  the  program  to 
consider  what  should  be  the  role  of  the  Federal  government  in  non-Federal 
dam  safety,  and  will  assess  the  use  of  engineering  guidelines  in  dam 
safety  matters. 

E.  FEDERAL  AND  STATE  LEGISLATORS 

Actions  taken  by  Federal  and  state  legislators  in  response  to  the 
efforts  and  consequences  of  the  inspection  program  are  indications  of  the 
in.pact  of  the  program  on  these  legislators.  Federal  and  state 
legislators  made  numerous  inquiries  to  the  Corps  to  obtain  information 
for  responding  to  their  constituents.  Legislators  expressed  extensive 


interest  concerning  unsafe  dams,  particularly  if  there  were  several  homes 
downstream  of  these  dams  or  near  the  reservoir  area. 

Federal  legislators  have  expressed  a  continuous  interest  in  dam 
safety  and  the  inspection  program  before  and  since  the  enactment  of 
P.L.  92-367  in  1972.  Legislation  for  amending  P.L.  92-367  was  proposed 
in  the  Congress  each  year  of  the  four-year  inspection  program.  However, 
none  of  these  proposals,  which  have  ranged  in  scope  from  provisions  for 
continuous  maintenance  of  the  inventory  by  the  Corps  to  comprehensive 
provisions  for  technical  and  financial  support  of  state  dam  safety 
programs,  were  enacted. 

Most  state  legislators  responded  positively  to  the  efforts  and 
consequences  of  the  inspection  program.  As  previously  indicated,  dam 
safety  legislation  has  been  enacted  in  several  states.  States  have 
adopted  provisions  to  resolve  specific  problems  identified  by  the 
program.  For  example,  Idaho  enacted  new  regulations  for  mine  tailings 
dams  and  devised  a  bonding  scheme  to  aid  in  financing  the  rehabilitation 
of  dams.  Almost  all  of  the  states  increased  state  funding  for  dam  safety 
efforts.  Federal  and  state  legislators  assisted  local  officials  in 
obtaining  Federal  funds  for  remedial  measures  for  publicly  owned  dams  in 
Kansas  and  Missouri.  In  summary,  overall  response  was  positive,  but  the 
failure  of  legislators  in  Alabama,  Delaware,  Hawaii,  South  Dakota,  Puerto 
Rico,  and  the  U.S.  Trust  Territories  to  enact  dam  safety  legislation 
reflects  a  lesser  positive  program  impact. 
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PART  VI 


SUMMARY,  FINDINGS,  CONCLUSIONS,  AND  RECOMMENDATIONS 


This  report  represents  the  completion  by  the  Chief  of  Engineers  of 
all  requirements  mandated  by  the  National  Dam  Inspection  Act  of  1972 
(P.L.  92-367) .  In  addition  to  complying  with  the  specific  requirements 
of  P.L.  92-367  to  (a)  compile  a  national  inventory  of  dams,  (b)  inspect 
non-Federal  dams  inventoried  and  provide  the  inspection  results  and 
advice  for  remedial  measures  to  state  governors  and  (c)  formulate 
recommendations  for  a  comprehensive  national  dam  safety  program,  efforts 
have  been  made  to  encourage  and  assist  the  states  to  implement  effective 
state  dam  safety  programs  for  non-Federal  dams. 


A.  NATIONAL  INVENTORY  OF  DAMS 


A  national  inventory  of  68,153  dams  has  been  compiled  and  recorded  in 
a  computerized  data  base.  Of  this  number,  68,153  meet  the  size 
requirements  of  P.L.  92-367 >  most  of  the  dams  in  the  inventory  which  do 
not  meet  the  size  requirements  were  listed  in  the  original  inventory. 

The  inventory  of  dams  serves  as  a  reliable  data  base  for  state  and 
Federal  dam  safety  programs.  In  order  to  remain  reliable,  the  inventory 
must  be  continuously  updated »  however,  the  Corps  of  Engineers  has  not 
been  authorized  by  Congress  nor  have  funds  been  provided  to  maintain  the 
inventory. 
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B.  INSPECTION  OP  DAMS 


P.L.  92-367  required  the  inspection  of  all  dams  Inventoried,  with  few 
exceptions.  In  formulating  objectives  to  comply  with  the  requirements  of 
the  law,  it  was  recognized  that  to  inspect  such  a  large  number  of  dams 
would  require  enormous  manpower  and  funds  and  probably  was  not  necessary 
to  define  the  national  dam  safety  problem. 

The  decision  was  made  that  inspecting  all  dams  which  presented  a  high 
hazard  potential  and  a  sampling  of  those  which  presented  a  significant 

hazard  potential  would  serve  to  identify  immediate  threats  to  human  life 

and  property,  and  would  also  fulfill  the  intent  of  P.L.  92-367  to  define 
the  national  dam  safety  problem. 

The  inspection  of  8,818  dams  has  identified  2,925  unsafe  dams  (33%  of 
the  dams  inspected).  Remedial  measures  have  not  been  implemented  for 
most  of  the  unsafe  dams.  The  unsafe  condition  of  such  a  large  percentage 
of  non-Federal  dams  and  the  lacK  of  implementation  of  recommended 
remedial  measures  by  owners  indicate  that,  for  whatever  the  reasons  might 
be,  most  owners  are  not  willing  to  modify,  repair  or  maintain  their  dams, 

and  most  states  are  not  willing  to  require  them  to  do  so. 

C.  STATE  DAM  SAFETY  PROGRAMS 


The  large  scope  of  the  proposed  inspection  program  facilitated  the 
decision  to  involve  the  states  in  a  manner  that  would  assist  them  in 
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im;  oinenting  effective  state  dam  safety  programs.  The  results  of  this 
added  objective  were  less  than  desired.  Most  states  participated  in  the 
program  in  the  manner  prescribed  to  aid  in  developing  effective 
programs.  The  assessment  of  state  dam  safety  programs  at  the  completion 

of  the  inspection  program  revealed  that  (a)  almost  all  states  had 

developed  at  least  a  nucleus  for  a  dam  safety  program,  (b)  40  states  had 

enacted  effective  dam  safety  legislation,  but  6  states  had  no  dam  safety 

legislation,  (c)  34  states  had  implemented  effective  regulatory 
practices,  (d)  29  states  had  employed  adequate  technical  staffing,  and 
(e)  16  states  had  developed  programs  which  were  completely  adequate.  The 
16  states  with  adequate  programs  and  two  additional  states  indicated  that 
they  will  provide  adequate  funding  for  their  programs  without  Federal 
aid.  Seventeen  (17)  states  with  deficient  programs  indicated  that  they 
plan  to  implement  adequate  programs  in  the  near  future. 


U.  RECOMMENDATIONS  FOR  IMPROVING  DAM  SAFETY 

Based  upon  the  results,  findings,  and  conclusions  of  the  National 
Program  of  Inspeccion  of  Non-Fed^ral  Dams,  and  the  Federal  iposition  that 
the  states  are  responsible  for  the  safety  of  non-Federal  dams  within 
their  boundaries,  the  following  recommendations  are  offered  for  improving 
the  safety  of  non-Federal  dams  throughout  the  nation: 

(1)  The  Corps  of  Engineers  should  be  authorized  and  funded  to 
continuously  maintain  the  national  inventory  of  dams. 


45 


(2)  If  Federal  legislation  is  enacted  providing  Federal  funds  for 
implementing  remedial  measures  for  dams  inspected  under  the  non-Federal 
dam  inspection  program  and  determined  to  be  unsafe >  only  those  dams  which 
are  owned  by  state*  county*  or  municipal  governments*  and  whose  major 
purpose  is  public  water  supply  and  flood  protection  should  be 
considered.  Such  legislation  should  also  establish  minimum  standards  for 
state  dam  safety  programs*  and  only  those  states  meeting  these  standards 
would  be  eligible  to  receive  Federal  funding. 

(3)  To  utilize  the  existing  Federal  technical  capability  in  dam 
safety*  a  Federal  agency  should  be  designated  to  furnish  technical 
assistance  to  the  states*  upon  request*  concerning  implementation  of  dam 
safety  programs. 

(4)  The  construction  of  non-Federal  dams  on  Federal  lands  should  not 
be  allowed  unless  the  dams  are  designed  and  constructed  to  meet  minimum 
standards  established  by  a  dc<signated  Federal  agency  and  the  proposed  dam 
owners  agree  legally  to  properly  maintain  these  dams.  CVners  of  existing 
non-Federal  dams  on  Federal  lands  should  be  required  to  upgrade  and 
maintain  such  dams  to  meet  minimum  standards. 

(5)  The  Federal  Emergency  Management  Agency  (FEMA)  should 
concentrate  their  dam  safety  efforts  on  those  dams  inspected  by  the  Corps 
of  Engineers  and  considered  to  be  unsafe.  FEMA  should*  using  the  Corps* 
publicize  and  promote  design  criteria  impinging  on  dam  safety*  especially 
that  pertaining  to  the  Probable  Maximum  Flood  (PMF) *  and  maximize  public 
awareness  when  dams  fail  because  of  spillway  deficiencies. 


(6)  The  National  Oceanic  and  Atmospheric  Agency  (NOAA)  should  be 
informed  of  the  location  of  all  dams  with  unsafe  spillways  to  enable 
special  alerts  when  unsafe  flows  are  likely  to  be  approached. 

(7)  The  Federal  government  should  remove  restrictions  on  block 
grants  to  states,  where  they  exist,  so  funds  can  be  used  for  dam  safety. 
If  there  are  no  restrictions,  it  could  be  specified  that  dam  safety  will 
be  considered  as  one  of  the  uses. 

These  recommendations  might  not  seem  to  provide  for  "a  comprehensive 
national  program"  for  the  regulation  of  dams  as  mandated  by  P.L.  92-367. 
However,  bearing  in  mind  the  respective  responsibilities  of  the  states, 
the  owners  and  the  Federal  government,  the  scope  of  the  recommendations 
stretches  the  Federal  purview. 
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APPENDIX  A 


NATIONAL  DAM  INSPECTION  ACT 


Public  law  92*367 
92nd  Coatress,  H.  R.  1S951 
Auguat  Bf  1972 

2n  2a 


T»  anlbnrli*  IW  Mnn-tarr  vt  Arm}  Ia  auarrlAkr  ■  ualkiiul  |>r< 
Iwjiiactkia  nt 


Bt  it  ei'teUd  hy  tht  Sftutu  and  f/ounr  of  Rrt>re*tntat!vn  of  the 
I'niUd  State*  of  America  tH^Conyre**  a*umbled.  That  the  term  ihtleml  *tm  li^ 
*«tAtn"  at  used  ID  thi*  Act  meane  any  artiKcia)  barrier,  including  eptetiiB  frvtmo. 
appurtenarrt  works,  which  impoundi  or  diverts  water,  and  which  "tea.” 

(1 }  ia  twenty-five  feel  or  more  in  height  from  the  natural  bed  of  the 
atream  or  wateroouree  rruasured  at  the  downUream  toe  of  the  berrier, 
or  from  the  lowest  elevation  of  the  outside  limit  of  the  barrier,  if  it 
it  not  across  a  stream  channel  or  watercourse,  to  the  maaimum  water 
storage  elevation  or  (8)  baa  an  impounding  capacity  at  masimum 
water  storage  elevation  of  fifty  acre  feat  or  more.  This  Act  does  not 
apply  to  any  such  barrier  which  is  not  in  esoese  of  sis  feet  in  height, 
regartUees  of  storage  capacity  or  which  has  a  storage  capacity  et 
masimum  water  storage  elevation  not  in  eaoeat  of  fifteen  acre-feet, 
regardlesB  of  height. 

Sec.  8.  As  soon  as  practicable,  the  Secretary  of  the  Army,  actinr  Anv>  autivsr* 
through  the  Chief  of  Engineers,  shall  carry  out  a  national  program  of  itatlaB. 
icupection  of  dams  for  the  purpose  of  protecting  human  life  and  prop¬ 
erty.  All  dams  in  the  UnitM  States  ^all  be  insisted  by  the  Secretary  txaaptlens. 
esoept  (1)  dams  under  the  jurisdiction  of  the  Bureau  of  Roclamation, 
the  Tennessee  Valley  Authority  ,  or  the  International  Boujidary  and 
Water  Commimion,  (8)  dame  which  have  been  constructed  pursuaM 
to  licenses  iwued  under  the  authority  of  the  Federal  Power  Act,  (8)  et  sut.  IMSi 
dams  which  have  been  inspected  within  the  twelve-monfh  period  ss  Stoi,  $t), 
immediaUly  prior  to  the  enactment  of  this  .kct  by  t  Suie  agency  and  Xe  tSC  TtU. 
which  the  Governor  of  such  State  reouesu  be  excluded  from  inspection, 
and  (*■ )  dams  which  the  Seerrury  of  the  Army  determines  do  not  pose 
any  threat  to  human  life  or  properly.  The  Secretary  may  inspect  dams 
which  have  been  licensed  under  the  Federal  Power  Act  upon  r^uest 
of  the  Fetlera)  Power  Commission  and  dams  under  the  jurisdiction  of 
the  Intemstional  Boundary  and  Water  Commission  upon  request  of 


tuch  ComroiKiqn 


^/SSSTiT.  SOI 


Ssc.  8.  As  soon  as  practicable  after  inspection  of  a  Jam,  the  Secretary  Kottse  t#  Oev* 
shall  notify  the  Governor  of  the  Stale  in  which  auch  dam  it  locsled  the  emers, 
lesulti  of  such  invest igstion.  The  Sccretan  shsll  inynediauly  notify 
thk  Governor  of  any  hazardous  coiidilioiit  found  during  an  inspection. 

The  SecreUry  ahail  provide  advice  to  the  Governor,  upon  request, 
rtleting  to  timely  remedial  meaaures  uecessary  to  mitigate  or  obviate 
any  hazardous  conditions  found  during  sn  inspection. 

Sic.  4.  For  the  purpose  of  determining  «  hethcr  s  Jam  (iiicludirig  the 
waters  impounded  by  euch  dam)  coualitutes  a  danger  to  human  life  or 
properly,  the  SecrcUry  shall  Uke  into  conaideratioii  the  possibility 
that  the  dam  might  be  emiaiigereil  by  overtopping,  seepaw.aetllement, 
erosion,  sediment,  cracking,  earth  movement,  earthquakta.  failure  of 
bulkheads,  flashboard,  gates  on  conduita,  nr  other  coiiJitioiit  which 
esisi  or  which  might  occur  in  any  area  in  the  vicinity  of  the  dam. 

Ssc.  ».  The  SecreUry  shall  report  to  the  (’ongr«  nn  or  before  Kaport  te  Censraas. 
July  I,  1974.  on  hia  artivitirs  under  the  Art.  which  report  shall 
include,  but  not  he  limited  to — 

(1)  an  inventon  of  all  dams  located  in  the  United  Sutes; 

(8)  a  review  of  each  inspertion  made,  live  recommendatioiia 
furnished  to  the  Governor  of  the  Suie  in  which  such  dam  it 
lor  sled  and  information  aa  to  the  implement  at  ion  of  such 
lev-oinmeiidal  ion : 
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(I)  racomffieedatio&t  for  a  Ofrmprabantira  aation*}  piograa 
for  laa  inapeotioo.  aad  regulation  for  aafetr  purpoat  of  maa 
of  tha  yation,  and  tka  raapaetiva  ramnaibJitiea  which  ahoold 
ba  aaoumad  b^  Fadeiol,  Stata,  aad  local  go*anm>eata  and  br 
public  aodprirata  iataraWa 

UaMli^.  Sac.  6.  N'otlang  oonUinad  ia  thia  Act  and  no  action  or  failuia  to 

act  under  thia  Act  abaU  ba  oonatruad  (11  to  create  an;  liabUit;  in 
tka  United  Sutaa  or  ila  ofioeia  or  amplojraea  for  the  raooeai;  of 
damagea  caused  b;  auch  action  or  failure  to  act;  or  (2)  to  relicra  an 
n^ar  or  operator  of  a  dan  of  tka  legal  dutiea.  obli^tiona,  or  liabil¬ 
ities  incident  to  tha  owaarskip  or  operation  of  the  dam. 

Approved  August  8,  1972. 


VJSI  «N«T  It-Utt  (Cam.  m  MU*  Verto). 
coNMssioML  neons,  Tel.  Ill  (i>n)i 

Jtilr  t<,  eeiwidereO  and  p*ti*4  Ihm*, 

Julf  til  i*mti*r*i  and  pajtad  Senate. 

wmar  eoKnunoa  or  rnsisEyrui  nocjKxim,  Teu  •,  n.  s»t 

dud.  t.  freeidenttal  etatsient. 
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No.  1110-2-106  26  September  1979 


Engineering  and  Design 

NATIONAL  PROGRAM  FOR  INSPECTION  OF  NON-FEDERAL  DAMS 

1.  Purpose.  This  regulation  states  objectives,  assigns 
responsibilities  and  prescribes  procedures  for  implementation  of  a 
National  Program  for  Inspection  of  Non-Federal  Dams. 

2.  Applicability.  This  regulation  is  applicable  to  all  Divisions  and 
Districts  having  Civil  Works  functions. 

3.  References. 


a.  The  National  Dam  Inspection  Act,  Public  Law  92-367,  8  August 
1972. 

b.  Freedom  of  Information  Act,  Public  Law  87-487,  4  July  1967. 

c.  ER  500-1-1 

4.  Authority.  The  National  Dam  Inspection  Act,  Public  Law  92-367,  8 
August  1972  authorizes  the  Secretary  of  the  Army,  acting  through  the 
Chief  of  Engineers,  to  carry  out  a  national  program  of  inspection  of 
non-Federal  dams  for  the  purpose  of  protecting  human  life  and  property. 

5.  Scope.  The  program  provides  for: 

a.  An  update  of  the  National  Inventory  of  Dams. 

b.  Inspection  of  the  following  non-Federal  dams  (The  indicated 
hazard  potential  categories  are  based  upon  the  location  of  the  dams 
relative  to  developed  areas): 

(1)  Dams  which  are  in  the  high  hazard  potential  category  (located 
on  Federal  and  non-Federal  lands). 

(2)  Dams  in  the  significant  hazard  potential  category  believed  by 
the  State  to  represent  an  immediate  danger  to  the  public  safety  due  to 
the  actual  condition  of  the  dam. 


This  regulation  supersedes  ER  1110-2-104,  dated  II  May  1973. 
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(3)  Dams  in  the  significant  hazard  potential  category  located  on 
Federal  lands. 

(4)  Specifically  excluded  from  the  national  inspection  program  are 
(a)  dams  under  the  jurisdiction  of  the  Bureau  of  Reclamation,  the 
Tennessee  Valley  Authority,  the  International  Boundary  and  Water 
Comnisaian  and  the  Corps  of  Engineers  and  (b)  dams  which  have  been 
constructed  pursuant  to  licenses  issued  under  the  authority  of  the 
Federal  Power  Act,  and  (c)  dams  which  have  been  inspected  within  the 
12-monch  period  immediately  prior  to  Che  enactment  of  this  act  by  a 
State  agency  and  which  the  Governor  of  such  State  requests  be  excluded 
from  inspection. 

6.  Objectives .  The  objectives  of  the  program  are: 

a.  To  update  Che  Rational  Inventory  of  Dams  by  30  September  1980. 

b.  To  perform  Che  initial  technical  inspection  and  evaluation  of 
the  non-Federal  dams  described  in  paragraph  5  to  identify  conditions 
which  constitute  a  danger  to  human  life  or  property  as  a  means  of 
expediting  Che  correction  of  hazardous  conditions  by  non-Federal 
interests.  The  inspection  and  evaluation  is  to  be  completed  by  30 
September  1981. 

c.  To  obtain  additional  information  and  experience  that  may  be 
useful  in  determining  if  further  Federal  actions  are  necessary  to 
assure  national  dam  safety. 

d.  Encourage  the  States  to  establish  effective  dam  safety 
programs  for  non-Federal  dams  by  30  September  1981  and  assist  Che 
States  in  Che  development  of  Che  technical  capability  to  carry  out 
such  a  program. 

7.  Program  Execution. 

a.  Responsibilities. 

(1)  The  owner  has  the  basic  legal  responsibility  for  potential 
hazards  created  by  their  dam(s).  Phase  II  studies,  as  described  in 
Chapter  4,  Appendix  D,  and  remedial  actions  are  the  owner's 
responsibility. 

(2)  The  State  has  Che  basic  responsibility  for  Che  protection  of 
the  life  and  property  of  its  citizens.  Once  a  dam  has  been  determined 
to  be  unsafe,  it  is  the  State's  responsibility  to  see  chat  timely 
remedial  actions  are  taken. 


2 


ER  1110-2-106 
Change  1 
24  Mar  80 

(3)  The  Corpa  of  Engineera  haa  the  reaponaibility  for  executing 
the  national  program.  The  Federal  program  for  inapection  of  dama  doea 
not  modify  the  baaic  reaponaibilitiea  of  the  Statea  or  dam  ownera. 

The  Engineering  Diviaion  of  the  Civil  Vorka  Directorate  ia  reaponaible 
for  overall  program  goala,  guidance,  technical  criteria  for 
inapectiona  and  inventory  and  headquartera  level  coordination  vith 
other  agenciea.  The  Ka/ter  Reaourcea  Support  Center  (WRSC)  located  at 
Kingman  Building,  Fort  Belvolr,  Virginia  22060  la  reaponaible  for: 

*  (a)  Program  coordination  of  both  the  inventory  and  inapection 

programa . 

(b)  Developing  and  defining  functional  taaka  to  achieve  program 
objectivea. 

(c)  Determining  reaource  requiremanta.  (Budget) 

(d)  Compiling  and  diaaeminating  progreaa  reporta. 

(e)  Monitoring  and  evaluating  program  progreaa  and  recoBaaending 
corrective  meaaurea  aa  needed. 

(f)  Collecting  and  evaluating  data  pertaining  to  inapection 
reporta,  dam  ownera*  reaponaea  to  inapection  t  ort  recommendationa , 
attitudea  and  capabilitiea  of  State  officiala,  State  dam  aafety 
legialation,  Architect-Engineer  performance,  etc.,  for  defining  a 
comprehenaive  national  dam  aafety  program. 

(g)  Reaponding  to  Congreaaional,  media,  aeientific  and  engineering 
organixation  and  general  public  inquiriea. 

Diviaion  and  Diatrict  officea  are  reaponaible  for  executing  the 
program  at  the  State  level.  Aaaignment  of  Diviaion  reaponaibilitiea 
for  Statea  ia  ahown  in  Appendix  A. 

b.  State  Participation.  Where  State  capability  exiata,  every 
effort  ahould  be  made  to  encourage  the  State  to  execute  the  inapection 
program  either  with  State  peraonnel  or  with  Architect-Engineer  (A-E) 
contracta  under  State  auperviaion.  If  the  State  doea  not  have  the 
capability  to  carry  out  the  inapection  program,  the  program  will  be 
managed  by  the  Corpa  of  Engineera  utilixing  Corpa  employeea  or 
contracta  with  A-E  firma. 

8.  Update  of  Wational  Inventory  of  Dama.  (RCS-DAEN-WE-17/0MB  NO.  49-R0421) 

a.  The  National  Inventory  of  Dama  ahould  be  updated  and  verified 
to  include  all  Federal  and  non-Federal  dama  covered  by  the  Act.  Thoae 
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dans  are  defined  ae  all  artificial  barriers  together  vith  appurtenant 
works  vhidi  inpound  or  divert  water  and  which  (1)  are  twenty-five  feet 
or  more  in  hei|^t  or  (2)  have  an  iapounding  capacity  of  fifty 
acre-feet  or  nore.  Barriers  which  are  six  feet  or  less  in  hei^t, 
regardless  of  storage  capacity,  or  barriers  which  have  a  storage 
capacity  at  maxinua  water  storage  elevation  of  fifteen  acre-feet  or 
less,  regardless  of  height,  are  not  included. 

b.  Inventory  data  for  all  daas  shall  be  provided  in  accordance 
with  Appendix  B. 

c.  The  haxard  potential  classification  shall  be  in  accordance 
with  paragraph  2.1.2  Haxard  Potential  of  the  Recoaaended  Guideline 
for  Safety  Inspection  of  Daas  (Appendix  D  to  this  ER). 


* 

d.  As  in  the  original  developnent  of  the  inventory,  the  States 
should  be  encouraged  to  participate  in  the  work  of  cosipleting, 
verifying  and  updating  the  inventory.  Also,  when  available,  personnel 
of  other  appropriate  Federal  agencies  should  be  utilised  for  the 
inventory  work  on  a  reiabutsable  basis.  Work  in  any  State  aay  be 
accoaplished: 

(1)  Under  State  si^ervision  utilising  State  personnel  or 
Architect-Engineers  contracts. 
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(2)  Under  Corps  supervision  utilising  Corps  employees,  employees 
of  other  Federsl  agencies  or  Architect-Engineer  contracts. 

e.  A  minimtsB  staff  should  be  assigned  in  Districts  and  Divisions 
to  administer  and  monitor  Che  inventory  activities.  Generally,  the 
work  should  be  accomplished  by  architect-engineers  or  other  Federal 
agency  personnel  under  State  or  Corps  supervision.  Corps  personnel 
should  participate  in  the  inventory  only  to  Che  extent  needed  to 
assure  that  accurate  data  are  collected. 

f.  The  National  Inventory  of  Dams  computerised  data  base  is 
stored  on  the  Boeing  Computer  Services  (BCS)  ERS  computer  system  in 
Seattle,  Washington.  The  data  base  uses  Data  Base  Management  System 
2000  and  is  accessible  for  query  by  all  Corps  offices. 

g.  Appendix  B  indicates  details  on  accessing  and  updating 
inventory  data. 

h.  Appendix  I  describes  the  procedure  for  using  NASA  Land 
Satellite  (LANDSAT)  Multispectral  Scanner  data  along  with  NASA's 
Surface  Water  Detection  and  Mapping  (DAM)  computer  program  to  assist 
in  updating  and  verifying  the  National  Inventory  of  Dams. 

i.  All  inventory  data  for  dams  will  be  completed  and  verified 
utilizing  all  available  sources  of  information  (including  LANDSAT 
overlay  maps)  and  will  include  site  visitation  if  required.  It  is  the 
responsibility  of  the  District  Engineer  to  insure  that  the  inventory 
of  each  State  within  his  area  of  responsibility  is  accurate  and 
contains  the  information  required  by  the  General  Instructions  for 
completing  the  forms  for  each  Federal  and  non-Federal  dam. 

9.  Inspection  Program.  (RCS-DAEN-CWE-17  AND  0MB  NO.  49-R0421) 

a.  Scheduling  of  Inspections.  The  Governor  of  each  State  or 
designee  will  continue  to  be  involved  in  the  selection  and  scheduling 
of  the  dams  to  be  inspected.  Priority  will  be  given  to  inspection  of 
those  dams  considered  to  offer  the  greatest  potential  threat  to  public 
safety. 

(1)  No  inspection  of  a  dam  should  be  initiated  until  the  hazard 
potential  classification  of  the  dam  has  been  verified  to  the 
satisfaction  of  the  Corps.  Dams  in  the  significsnt  hazard  category 
should  be  inspected  only  if  requested  by  the  State  and  only  then  if 
the  State  can  provide  information  to  show  that  the  dam  has 
deficiencies  that  pose  an  isnediate  danger  to  the  public  safety. 
Guidance  for  the  selection  of  significant  catagory  non-Federal  dams  on 
Federal  lands  will  be  given  in  the  near  future. 
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(2)  Selection  for  inspection  of  non-Federal  dams  located  on 
Federal  lands  or  non-Federal  dams  designed  and  constructed  under  the 
jurisdiction  of  some  Federal  agency,  should  be  coordinated  vith  the 
responsible  Federal  agency.  The  appropriate  State  or  regional 
representative  of  the  Federal  agency  also  should  be  contacted  to 
obtain  all  available  data  on  the  dam.  Representatives  of  the  agency 
may  participate  in  the  inspection  if  they  desire  and  should  be  given 
the  opportunity  to  review  and  comment  on  the  findings  and 
recommendations  in  the  inspection  report  prior  to  submission  to  the 
Governor  and  the  dam  owner.  Examples  of  such  dams  are:  non-Federal 
dams  built  on  lands  managed  by  National  Forest  Service,  Bureau  of  Land 
Management,  Fish  and  Wildlife  Service,  etc.;  non-Federal  dams  designed 
and  constructed  by  the  Soil  Conservation  Service  of  the  U.S. 

Department  of  Agriculture;  high  hazard  mine  tailings  and  coal  mine 
waste  dams  under  the  jurisdiction  of  the  Mine  Safety  and  Health 
Administration,  Department  of  Labor. 

(3)  Indian-owned  dams  on  trust  lands  are  considered  to  be 
non-Federal  dams.  All  dams  in  the  hi^  hazard  potential  category  will 
be  inspected.  Privately-owned  dams  located  on  Indian  lands  are  to  be 
included  in  the  program,  however  BIA-owned  dams  on  Indian  lands  are 
Federal  dams  and  are  exempt. 

b.  Procedures.  The  Division  Engineer  is  responsible  for  the 
quality  of  inspections  and  reports  prepared  by  the  District  Engineer. 
Close  liaison  between  the  District  Engineer  and  the  State  agency  or 
A-E  firm  responsible  for  the  inspections  will  be  required  in  order  to 
obtain  a  dependable  result.  To  avoid  undesirable  delays  in  the 
evaluation  of  safety  of  individual  dams,  contracts  with  A-E's  or 
agreements  with  States  which  are  managing  the'  program  will  provide 
that  reports  be  completed  and  furnished  to  the  District  Engineer 
within  a  specified  time  after  completion  of  the  on-site  inspection  of 
the  dam. 

(1)  Inspection  Guidelines.  The  inspection  should  be  conducted  in 
accordance  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dams  (Appendix  D  to  this  ER).  Expanded  Guidance  for  Hydrologic  and 
Hydraulic  Assessment  of  Dams  is  provided  in  Appendix  C.  The  criteria 
in  the  recommended  guidelines  are  screening  criteria  to  be  used  only 
for  initial  determinations  of  the  adequacy  of  the  dam.  Conditions 
found  during  the  investigation  which  do  not  meet  the  guideline 
recommendations  should  be  assessed  as  to  their  importance  from  the 
standpoint  of  the  degree  of  risk  involved. 

(2)  Coordinators.  Experience  has  shown  that  coordination  and 
communications  among  technical  disciplines.  Public  Affairs  Office, 
emergency  officials,  training  officers,  operations  personnel,  State 
representatives  and  A-E  firms  has  been  best  in  those  districts  where 
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one  person  was  delegated  the  responsibility  for  coordinating  the 
actions  of  all  involved  elements.  Each  district  should  evaluate  its 
overall  coordination  procedures  to  insure  that  all  involved  elements 
have  the  best  possible  access  to  necessary  data. 

(3)  Field  Investigations  should  be  carried  out  in  a  systematic 
manner.  A  detailed  checklist  or  inspection  form  should  be  developed 
and  used  for  each  dam  inspection  and  appended  to  the  inspection 
report.  The  sise  of  the  field  inspection  team  should  be  as  small  as 
practicable,  generally  consisting  of  only  one  representative  of  each 
required  discipline  in  order  to  control  the  costs  of  the  inspection 
without  sacrificing  the  quality  of  the  inspection.  The  inspection 
team  for  the  smaller  less  complex  dams  should  be  limited  to  two  or 
three  representatives  from  appropriate  technical  areas  with  additional 
specialists  used  only  as  special  conditions  warrant.  The  larger  more 
complex  projects  may  require  inspection  teams  of  three  or  four 
specialists.  Performance  of  overly  detailed  and  precise  surveys  and 
mapping  should  be  avoided.  Necessary  measurement  of  spillway,  dam 
slopes,  etc.  can  generally  be  made  with  measuring  tapes  and  hand 
levels . 

(4)  Additional  Engineering  Studies.  Dam  inspections  should  be 
limited  to  Phase  I  investigations  as  outlined  in  Chapter  3  of  Appendix 
D.  However,  if  recommended  by  the  investigating  engineer  and  approved 
by  the  District  Engineer,  some  additional  inexpensive  investigations 
may  be  performed  when  a  reasonable  judgment  on  the  safety  of  the  dam 
cannot  be  made  without  additional  investigation.  Any  further  Phase  II 
investiga: Ion  needed  to  prove  or  disprove  the  findings  of  the  District 
Engineer  or  to  devise  remedial  measures  to  correct  deficiencies  are 
the  responsibility  of  the  owner  and  will  not  be  undertaken  by  the 
Corps  of  Engineers. 

(5)  Assessment  of  the  Investigation. 

(a)  The  findings  of  the  visual  inspection  and  review  of  existing 
engineering  data  for  a  dam  shall  be  assessed  to  determine  its  general 
condition.  Dams  assessed  to  be  in  generally  good  condition  should  be 
so  described  in  the  iT;8pection  report.  Deficiencies  found  in  a  dam 
should  be  described  and  assessed  as  to  the  degree  of  risk  they 
present.  The  degree  of  risk  should  consider  only  loss  of  life  and/or 
property  damage  resulting  from  flooding  due  to  dam  failure.  Loss  of 
project  benefits  i.e.,  municipal  water  supply,  etc.,  should  not  be 
considered.  If  deficiencies  are  assessed  to  be  of  such  a  nature  that, 
if  not  corrected,  they  could  result  in  the  failure  of  the  dam  with 
subsequent  loss  of  life  and/or  substantial  property  damage,  the  dam 
should  be  assessed  as  "Unsafe."  If  the  probable  failure  of  an 
"Unsafe"  dam  is  judged  to  be  imminent  and  immediate  action  is  required 
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to  reduce  or  eliminate  the  hazard,  the  "unsafe"  condition  of  the  dam 
should  be  considered  an  "emergency.”  If  the  probable  failure  is 
judged  not  to  be  imminent,  the  "unsafe"  condition  should  be  considered 
a  "non-emergency." 

(b)  Adequacy  of  Spillway.  The  "Recommended  guidelines  for  Safety 
Inspection  of  Dams,"  Appendix  D,  provide  current,  acceptable 
inspection  standards  for  spillway  capacity.  Any  spillway  capacity 
that  does  not  meet  the  criteria  in  the  "Guidelines"  is  considered 
inadequate.  When  a  spillway's  capacity  is  so  deficient  that  it  is 
seriously  inadequate,  the  project  must  be  considered  unsafe.  If  all 
of  the  following  conditions  prevail,  the  Governor  of  the  State  shall 
be  informed  that  such  project  is  unsafe: 

There  is  high  hazard  to  loss  of  life  from  large  flows 
downstream  of  the  dam. 

2.  Dam  failure  resulting  from  overtopping  would  significantly 
increase  the  hazard  to  loss  of  life  downstream  from  the  dam  over  that 
which  would  exist  just  before  overtopping  failure. 

3.  The  spillway  is  not  capable  of  passing  one-half  of  the 
probable  maximum  flood  trithout  overtopping  the  dam  and  causing  failure. 

Classification  of  dams  with  seriously  inadequate  spillways  as  "unsafe, 
non-emergency"  is  generally  a  proper  designation  of  the  urgency  of  the 
unsafe  condition.  However,  there  may  be  cases  where  the  spillway 
capacity  is  unusually  small  and  the  consequences  of  dam  overtopping 
and  failure  would  be  catastrophic.  In  such  cases,  the  unsafe  dam 
should  be  classified  as  an  emergency  situation. 

(6)  All  inspection  reports  will  receive  one  level  of  independent 
review  by  the  Corps.  If  the  reports  are  prepared  by  the  Corps,  the 
independent  review  may  be  performed  internally  within  the  district 
office.  However,  in  cases  which  involve  significant  economic,  social 
or  political  impacts  and  technical  uncertainties  in  evaluat-ng  the 
dams,  advice  may  be  obtained  from  the  staffs  of  the  Division  Engineer 
and  the  Office,  Chief  of  Engineers. 

c.  Reports. 

(1)  Preparation.  A  written  report  on  the  condition  of  each  dam 
should  be  prepared  as  soon  as  possible  after  the  completion  of  the 
field  inspection  and  assessment.  A  suggested  report  format  is 
attached  as  Appendix  E.  It  is  important  that  the  inspection  report  be 
completed  in  a  timely  manner.  For  inspections  being  done  by  Corps 
employees,  it  is  suggested  that  once  an  inspection  team  has  been 
assigned  to  a  dam  inspection  it  be  allowed  to  complete  the  inspection 
and  report  without  interruption  by  other  work. 
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(2)  Review  end  Approve!.  The  coordineting  engineer  should 
determine  which  disciplines  should  review  the  report  and  establish  a 
procedure  to  accomplish  the  review  in  a  timely  manner.  A  review 
panel,  made  up  of  the  appropriate  Division  and  Branch  Chiefs  has 
worked  well  in  some  districts.  Use  of  a  review  panel  should  be 
seriously  considered  by  all  Districts.  All  inspection  reports  shall 
be  approved  by  the  District  Engineer  who  will  maintain  a  complete  file 
of  final  approved  reports.  Any  State  or  Federal  agency  having 
jurisdiction  over  the  dam  or  the  land  on  which  the  dam  is  built  should 
be  given  the  opportunity  to  review  and  connent  on  the  report  prior  to 
submission  to  the  Governor  or  dam  owner.  The  District  Engineer  will 
transmit  final  approved  reports  to  the  Governor  of  the  State  and  the 
dam  owner  (or  the  Governor  only,  when  requested  in  writing  by  State 
officials).  If  the  report  is  initially  furnished  to  the  Governor 
only,  a  period  of  up  to  ten  days  may  be  allowed  before  the  report  is 
furnished  to  the  dam  owner.  If  the  Governor  or  the  owner  indicates 
additional  technical  information  is  available  that  might  affect  the 
assessment  of  the  dam's  condition,  the  District  Engineer  will  furnish 
the  proposed  final  report  to  the  Governor  and  the  owner  and  establish 
a  definite  time  period  for  comments  to  be  furnished  to  the  District 
Engineer  prior  to  report  approval. 

(3)  In  general  the  Governor  will  be  responsible  for  public  release 
of  an  inspection  report  and  for  initiating  any  public  Statements. 
However,  an  approved  report  must  be  treated  as  any  other  document 
subject  to  release  upon  request  under  the  Freedom  of  Information  Act. 
The  letters  of  transmittal  to  the  Governor  and  owner  should  indicate 
that  under  the  provisions  of  the  Freedom  of  Information  Act,  the 
documents  will  be  subject  to  release  upon  request  after  receipt  by  the 
Governor.  Proposed  final  reports  will  be  considered  as  internal 
working  papers  not  subject  to  release  under  the  Freedom  of  Information 
Act.  Corps  personnel,  A-E  contractor  personnel  and  others  working 
under  supervision  of  the  Corps  will  be  cautioned  to  avoid  public 
Btatements  about  the  condition  of  the  dam  until  after  the  District 
Engineer  has  approved  the  report.  The  Corps  will  respond  fully  to 
inquiries  after  the  Governor  has  received  the  approved  report  or  been 
notified  of  an  unsafe  dam.  An  information  copy  of  the  report  should 
be  sent  to  the  District  office  normally  having  jurisdiction  if  other 
than  the  District  responsible  for  the  inspection. 

(4)  Follow-up  Action.  A  Federal  investment  of  the  magnitude 
anticipated  for  this  inspection  program  makes  it  desirable  that  a 
reporting  system  be  established  to  keep  the  District  Engineer  abreast 
of  the  implementation  of  the  recommendations  in  the  inspection 
reports.  The  letters  of  transmittal  to  the  Governor  and  owner  will 
request  that  the  District  Engineer  be  informed  of  the  actions  taken  on 
the  recommendations  in  the  inspection  reports.  However,  the  National 
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Dam  Inspection  Act  only  authorizes  the  initial  inspection  of  certain 
dams;  therefore,  once  a  report  is  completed  no  reinspection  will  be 
undertaken. 

d.  Unsafe  Dams.  The  investigating  engineer  will  be  required  to 
immediately  notify  the  District  Engineer  when  a  dam  is  assessed  as 
being  unsafe.  He  will  also  indicate  if  probable  failure  of  the  unsafe 
dam  is  judged  to  be  imminent  and  imnediate  action  is  required  to 
reduce  or  eliminate  the  threat.  The  District  Engineer  will  evaluate 
the  findings  of  the  investigating  team  and  will  immediately  notify  the 
Governor  and  the  owner  if  the  findings  are  Unsafe  Non-Emergency  or 
Unsafe-Ehiergency .  The  appropriate  State  agency  and  the  Corps  of 
Engineers  officials  having  emergency  operation  responsibility  for  the 
area  in  which  the  dan  is  located  will  also  be  notified.  The 
information  provided  in  the  unsafe  dan  notice  shall  be  as  indicated  in 
Appendix  F.  Any  emergency  procedures  or  remedial  actions  deemed 
necessary  by  the  District  Engineer  will  be  recommended  to  the  Governor 
who  has  the  responsibility  for  any  corrective  actions.  As  provided  in 
ER  500-1-1,  Corps  assistance  under  PL  84-99  "Advance  Measures,"  may  be 
made  available  to  complement  the  owner's  and  Governor's  action  under 
certain  conditions  and  subject  to  the  approval  of  the  Director  of 
Civil  Works.  The  District  Engineer's  Emergency  Operation  Officer  will 
coordinate  the  advance  measures  request  in  accordance  with  existing 
procedures.  Coordination  will  be  maintained  between  the  District 
responsible  for  emergency  action  under  PL  84-90  and  the  District 
responsible  for  the  inspection. 

e.  Emergency  Action  Plans.  An  emergency  action  plan  should  be 
available  for  every  dam  in  the  hi^  and  significant  hazard  category. 
Such  plans  should  outline  actions  to  be  taken  by  the  operator  to 
minimize  downstream  effects  of  an  emergency  and  should  include  an 
effective  warning  system.  If  an  emergency  action  plan  has  not  been 
developed,  the  inspection  report  should  reconmend  that  the  owner 
develop  such  an  action  plan.  However,  the  Corps  has  no  authority  to 
require  an  emergency  action  plan. 

10.  Progress  Reports.  Progress  reports  should  be  submitted  monthly 
by  the  Division  Engineer  to  WRSC.  The  reports  shall  include  progress 
through  the  last  Saturday  of  the  month  and  should  be  mailed  by  the 
following  Monday.  The  reports  shall  contain  the  information  and  be 
typewritten  in  the  format  shown  in  Appendix  G.  Copies  of  Unsafe  Dam 
Data  Sheets  will  be  submitted  with  the  progress  report.  Copies  of  the 
completed  inspection  report  for  Dams  in  the  Unsafe-Emergency  category 
will  be  submitted  also.  (RCS-DAEN-CWE-19) 
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11.  Contracts. 

a.  Corps  of  Engineers  Supervision.  Contracts  for  performing 
inventory  and  inspection  activities  under  supervision  of  the  Corps  of 
Engineers  shall  be  Fixed-Price  Architect  Engineer  Contracts  for 
Services.  A  sample  scope  of  work  setting  forth  requirements  is 
provided  in  Appendix  R.  Experience  has  shown  that  costs  for 

*  individual  dam  inspections  have  been  lower  when  multiple  inspections 
are  included  in  one  contract.  Therefore,  each  A-E  contract  should 
include  multiple  dam  inspections  where  practicable.  Corps 
participation  in  A-E  inspections  should  be  held  to  a  minimum.  Corps 
representatives  should  participate  in  only  enough  A-E  inspections  to 
assure  the  quality  of  the  inspections. 

b.  State  Supervision.  Contracts  with  States  for  performing 
inventory  and  Inspection  activities  under  State  supervision  may  be 
either  a  Cost-Reimbursement  Type  A-E  Contract  for  Services  or  a 
Fixed-Price  type  contract.  The  selection  of  Architect-Engineers  by 
the  State  should  require  approval  of  the  Corps  of  Engineers 
Contracting  Officer.  The  negotiated  price  for  A-E  services  under 
cost-reimbursement  type  contracts  with  States  will  also  require 
approval  by  the  Contracting  Officer.  Contracts  with  States  should 
require  timely  submission  of  the  inspection  reports  to  the  District 
Engineer  far  review  and  approval.  The  contract  provisions  should  also 
prevent  public  release  of  or  public  connent  on  the  inspection  report 
until  the  District  Engineer  has  reviewed  and  approved  the  report. 

Corps  of  Engineers  participation  in  State  inspections  should  be 
limited  to  occasional  selected  inspections  to  assure  the  quality  of 
the  State  program. 

12.  Training.  As  indicated  in  paragraph  6,  one  objective  of  the 
inspection  program  for  non-Federal  Dams  is  to  prepare  the  States  to 
provide  effective  dam  safety  programs.  In  many  States  this  will 
require  training  of  personnel  of  State  agencies  in  the  technical 
aspects  of  dam  inspections.  The  Office,  Chief  of  Engineers  is 
studying  the  need  for  and  content  of  a  comprehensive  Corps-sponsored 
training  program  in  dam  inspection  technology.  Pending  the  possible 
adoption  of  such  a  comprehensive  plan.  Division  and  District  Engineers 
are  encouraged  to  take  advantage  of  suitable  opportunities  to  provide 
needed  training  in  dam  safety  activities  to  qualified  employees  of 
State  agencies  and,  when  appropriate,  to  employees  of  architect- 
engineer  firms  engaged  in  the  program.  The  following  general 
considerations  should  be  observed  in  providing  such  training: 

a.  Priority  must  be  placed  on  inspection  of  dams  and  updating  the 
national  dam  inventory;  hence,  diversion  of  resources  to  training 
activities  should  not  deter  or  delay  these  principle  program  functions. 
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b.  Salariea,  per  diem  and  travel  expenaea  relating  to  training 

activitiea  of  State  employeea  will  be  a  State  ezpenae.  There  will  be 
no  tuition  charge  for  State  employeea.  * 

c.  Architect-Engineer  fima  will  be  required  to  pay  expenaea  and 
tuition  coata  for  their  employeea  participating  in  Corpa-aponaored 
training  activitiea. 

d.  Corpa-aponaored  training  will  require  that  each  trainee  ia  a 
qualified  engineer  or  geologiat  and  will  concentrate  on  engineering 
technology  related  directly  to  dam  aafety.  (Thia  may  require 
acreening  of  proponed  candidatea  for  training.) 

e.  Under  thia  program,  the  Cor pa  will  not  aponaor  training  that 
ia  intended  primarily  to  aatiafy  requirements  for  a  degree. 

f.  Training  by  participation  in  actual  dam  inapectiona  and/or 
management  of  the  inapection  program  ahould  be  encouraged. 

FOR  THE  CHIEF  OF  ENGINEERS: 


Colonel,  Corpa  of  Engineera 
Executive  Director,  Engineer  Staff 
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To  facilitate  better  coordination  with  the  States,  the  Division 
Engineers  are  responsible  for  the  dam  inspection  program  by  States  as 
follows ; 

Mew  England  Division;  Maine,  Rhode  Island,  Connecticut,  Vermont,  New 
Hampshire,  Massachusetts 

North  Atlantic  Division;  New  York,  New  Jersey,  Pennsylvania,  Delaware, 
Maryland,  Virginia,  District  of  Columbia 

Ohio  River  Division;  West  Virginia,  Ohio,  Kentucky,  Tennessee,  Indiana 

South  Atlantic  Division;  North  Carolina,  South  Carolina,  Georgia, 
Florida,  Alabama,  Puerto  Rico,  Virgin  Islands 

Lower  Mississippi  Valley  Division;  Mississippi,  Louisiana,  Missouri 

North  Central  Division;  Michigan,  Wisconsin,  Illinois,  Minnesota,  Iowa 

Southwestern  Division;  Arkansas,  Oklahoma,  Texas,  New  Mexico 

Missouri  River  Division;  Kansas,  Nebraska,  South  Dakota,  North  Dakota, 
Wyoming,  Colorado 

North  Pacific  Division;  Oregon,  Idaho,  Montana,  Washington,  Alaska 
South  Pacific  Division;  Utah,  California,  Arizona,  Nevada 
Pacific  Ocean  Division;  Hawaii,  Trust  Territories,  American  Samoa 
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APPENDIX  B 
INVENTORY  OF  DAMS 

(RCS-DAEN-CWE-17  AMD  0MB  MO.  49-R0421) 

1.  The  updating  of  Che  inventory  will  include  Che  completion  of  all 
items  of  data  for  all  dams  now  included  in  Che  inventory,  verification 
of  the  data  now  included  in  Che  inventory,  and  inclusion  of  complete 
data  for  all  appropriate  existing  dams  not  previously  listed.  Data 
completion,  verification  and  updating  will  be  scheduled  over  a  three 
year  period. 

2.  The  inventory  data  will  be  recorded  on  ENG  Form  4474  and  EMC  Form 
4474A  (Eidiibit  2).  The  general  instructions  for  completing  the  forms 
are  printed  on  the  back  of  the  forms.  Parts  I  and  II  of  the  forms  are 
to  be  fully  completed.  The  instruction  for  completing  Item  29,  Line 
5,  Parc  1^  (ENG  Form  4474A)  is  revised  to  conform  identically  with 
Che  hazard  potential  classification  contained  in  Che  recommended 
guidelines  for  safety  inspection  of  dams.  Additional  data  has  been 
added  to  designate  Corps  districts  in  which  the  dam  is  located, 

Federal  agency  owned  dams.  Corps  owned  dams.  Federal  agency  regulated 
dams,  dams  constructed  with  technical  or  financial  assistance  of  the 
U.S.  Soil  Conservation  service,  and  privately  otmed  dams  located  on 
Federal  property.  Forms  available  from  "OCE  Publications  Depot". 

3.  All  inventory  data  will  be  verified  utilizing  all  available 
sources  of  information  and  will  include  site  visitation  if  required. 

4.  The  Inventory  Data  Base  is  stored  on  Che  Boeing  Computer  Services 
(BCS)  EKS  System  in  Seattle,  Uashington.  The  data  is  available  to  all 
Corps  offices  for  queries  using  Data  Base  Management  System  2000  (S2K) 

a.  To  access  the  National  Data  Base  log  on  BCS  and  type  the 
following: 


GET,DAMS/UN>'CECELB 
CALL, DAMS 

b.  For  current  information  and  changes  to  the  National  Inventory 
Data  Base,  type: 


OLD , HOTDAM/UN-CECIAT 
LIST 

5.  The  inventory  update  data  will  be  furnished  and  the  National  Data 
Base  will  be  updated  on  a  monthly  basis.  The  monthly  submission  will 
cover  all  dams  whose  inventory  data  were  completed  since  the  last 
report.  The  update  data  will  be  loaded  directly  onto  Che  the  Boeing 
Computer  by  the  field  office. 
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a.  The  procedure  for  loading  the  data  on  the  Boeing  Computer  can 
be  printed  by  accessing  the  Boeing  Computer  and  listing  the 
information  file  "HOIDAM."  (See  paragraph  4b.  above) 

b.  It  is  the  responsibility  of  the  submitting  office  to  edit  the 
data  prior  to  furnishing  it  for  the  update.  Editing  will  be 
accomplished  by  processing  the  data  using  the  Inventory  Edit  Computer 
program  developed  by  the  Kansas  City  District.  This  procedure  is 
described  in  the  "HOTDAM"  file. 

6.  Federal  agencies  will  be  uniformly  designated  by  major  and  minor 
abbreviations  according  to  the  following  list  whenever  applicable  to 
Items  46  through  S3.  Abbreviations  are  to  be  left  justified  within 
the  field  with  one  blank  separating  major  and  minor  abbreviations. 
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MAJOR 


a.  International  Boundary  and  Vlater  Commission  IBUC 

b.  U.S.  Department  of  Agriculture; 

(1)  Soil  Conservation  Service  USDA 

(2)  Forest  Service  USDA 

c.  U.S.  Department  of  Energy 

Federal  Energy  Regulatory  Comnission  DOE 

d.  Tennessee  Valley  Authority  TVA 

e.  U.S.  Department  of  Interior; 

(1)  Bureau  of  Sport  Fisheries  and  Wildlife  DOI 

(2)  Geological  Survey  DOI 

(3)  Bureau  of  Land  Management  DOI 

(4)  Bureau  of  Reclamation  DOI 

(5)  Bureau  of  Indian  Affairs  DOI 

f.  U.S.  Department  of  Labor 

(1)  Mine  Safety  and  Health  Administration  DOL 


g.  Corps  of  Engineers; 

(1)  Lower  Mississippi  Valley  Division; 


(a)  Memphis  District  DAEN 

(b)  New  Orleans  District  DAEN 

(c)  St.  Louis  District  DAEN 

(d)  Vicksburg  District  DAEN 

(2)  Missouri  River  Division: 

(a)  Kansas  City  District  DAEN 

(b)  Omaha  District  DAEN 

(3)  New  England  Division  DAEN 

(4)  North  Atlantic  Division: 

(a)  Baltimore  District  DAEN 

(b)  New  York  District  DAEN 

(c)  Norfolk  District  DAEN 

(d)  Philadelphia  District  DAEN 
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MINOR 


SCS 

FS 


FERC 


BSFW 

CS 

BLM 

USBR 

BIA 


MSHA 


LMM 

LMN 

LMS 

LMK 


MRK 

MRO 

NED 


NAB 

NAN 

NAO 

NAP 
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(5)  North  Central  Division; 

MAJOR 

MINOR 

(a)  Buffalo  District 

DAEN 

NCB 

(b)  Chicago  District 

DAEN 

NCC 

(c)  Detroit  District 

DAEN 

NCE 

(d)  Rock  Island  District 

DAEN 

NCR 

(e)  St.  Paul  District 

DAEN 

NCS 

(6)  North  Pacific  Division: 

(a)  Alaska  District 

DAEN 

NPA 

(b)  Portland  District 

DAEN 

NPP 

(c)  Seattle  District 

DAEN 

NPS 

(d)  Walla  Walla  District 

DAEN 

NPW 

(7)  Ohio  River  Division; 

(a)  Huntington  District 

DAEN 

ORH 

(b)  Louisville  District 

DAEN 

ORL 

(c)  Nashville  District 

DAEN 

ORN 

(d)  Pittsburgh  District 

DAEN 

ORP 

(8)  Pacific  Ocean  Division 

DAEN 

POD 

(9)  South  Atlantic  Division: 

(a)  Charleston  District 

DAEN 

SAC 

(b)  Jacksonville  District 

DAEN 

SAJ 

(c)  Mobile  District 

DAEN 

SAM 

(d)  Savannah  District 

DAEN 

SAS 

(e)  Wilmington  District 

DAEN 

SAW 

(10)  South  Pacific  Division; 

(a)  Los  Angeles  District 

DAEN 

SPL 

(b)  Sacramento  District 

DAEN 

SPK 

(c)  San  Francisco  District 

DAEN 

SPN 

(11)  Southwestern  Division: 

(a)  Albuquerque  District 

DAEN 

SWA 

(b)  Fort  Worth  District 

DAEN 

SWF 

(c)  Galveston  District 

DAEN 

SWG 

(d)  Little  Rock  District 

DAEN 

SWL 

(e)  Tulsa  District 

DAEN 

SWT 
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a.  To  Change  Correct  or  Add  an  Item.  Submit  a  change  card  that 
contains  the  identification  assigned  to  the  dams  (Columns  1  thru  7), 
the  proper  card  code  (Column  80)  and  only  the  item  or  items  changed, 
corrected  or  added.  Data  on  the  master  file  is  added  or  replaced  on  an 
item  for  item  basis. 

b.  To  Delete  an  Item.  Submit  a  change  card  that  contaips  the 
identification  assigned  to  the  dam,  (Columns  1  thru  7),  the  proper  card 
code  (Columns  80),  and  an  asterisk.  (*)  in  the  left  most  column  of  the 
item  or  items  to  be  deleted.  More  than  one  item  can  be  changed, 
corrected,  added  on  or  deleted  from  the  same  card. 

c.  To  Delete  the  Entire  Data  for  a  Dam  from  the  Master  File. 

Submit  a  zero  (0)  card  punched  as  follows: 

Columns  1  thru  7  -  Item  1  identification  assigned  to  the  dam 

Columns  8  thru  10  -  Item  2,  Division  Code 

Columns  11  thru  16  -  The  word  DELETE 

Columns  17  thru  79  -  Blank  Spaces 

Column  80  -  A  zero 

8.  Keypunch  Instructions  and  Punched  Card  Formats. 

a.  Table  1  describes  the  character  set  to  be  used  for  keypunch 
cards  of  ENG  Forms  4474  and  4474A. 

b.  Exhibit  1  is  the  EDPC  keypunch  instructions  and  punch  card 
formats  defining  the  data  fields  (Items)  and  card  columns  to  be  used  in 
preparing  punched  cards  in  compliance  with  the  requirements  of  this 
regulation. 

c.  Exhibit  2  are  prints  of  ENG  Forms  4474  and  4474A  which  are 
laid  out  in  punch  card  format  to  facilitate  punching  cards  directly 
from  the  completed  forms. 
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Table  1 


STANDARD  CHARACTER  SET  AND  CARD  CODES 


A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

V 
W 
X 

Y 
Z 


12-1 

12-2 

12-3 

12-4 

12-5 

12-6 

12-7 

12-8 

12-9 

11-1 

11-2 

11-3 

11-4 

11-5 

11-6 

11-7 

11-8 

11-9 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

0-8 

0-9 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

space 


■k 

f 

i 


0 

1 

2 

3 

4 


blank 

0-3-8 
12-3-8 
11 

11-4-8 
0-1 
11-3-8 


NON-STANDARD  CHARACTER  SET 

( 

) 


X 


# 

9 


12-5-8  0-8-4 

11-5-8  12-8-4 

8-4 

11- 8-5 

12 

8-6 

12- 8-7  11-8-6 

8-2 

0-8-6 

8-5 

8-3  8-6 
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EOPC  KEYPUNCH  INSTRUCTIONS  (Ca.  tiot.e^) 

JOB  TITLB 

INVENTORY  OF  UNITED  STATES  DAMS 

joi  NO. 

CAIRO  lOflMtirtCATlON 

CKRJ>  2 

•OUMCK 

eng  form  4474 

louaci 

•i^CR 


HMICOr  RIBkO 


CARD  NUMBER  2 


Reg  i  or. 

8 

9 

Basin 

10 

11 

River  or  Steeam 

40 

Ci  ty«T<jwn -Vi  1  lage 

_41_ 

_6^ 

Distance  from  Dam 

69 

71 

Population 

72 

79 

Card  Number 

80 

80 

MM  »-IM  IT  Mt^CTlC'H  i 


Repeat:  Ii:em  1  rarri  n  . 


*  -  ALPHA.  N  Z  NVmetVC 


■MClom  0-1II7B 

lecTM  " 


L*LEFT.  PzIUCHT 


E-8 

W-lZ' 


MBIT  pr 
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JO*  TiTLt 

INVENTORY  OF  UNITED  STATES  DAMS 

JO*  NO. 

CAMD  leiHTiiriCATtON 

CARD  3  &  4 

•ouoct 

ENG  FORM  44  74A 

'oLodi 

NMICO^  *ltLO 

1  »»  . 

COLS. 

B 

■ 

B 

Identity 

I 

21 

Type  of  Dam 

8 

19 

14 

22 

^  Year  Completed 

20 

23 

4 

23 

Purposes 

24 

33 

10 

24 

! 

1  Structural  Height 

34 

37 

4 

25 

Hydraulic  Height 

38 

41 

4 

26 

Impounding  Maximum 

42 

49 

8 

27 

Impounding  Normal 

50 

57 

8 

27A 

C.  E.  District 

58 

60 

2  7B 

Ownership 

61 

61 

B 

27C 

Fed.  Regulated 

62 

62 

B 

27D 

Prv't  Dams /Fed  Land 

63 

63 

B 

27B 

Soil  Con.  Ser.  Ass't. 

64 

64 

B 

27F 

Verlf.  Date  (Dsy) 

65 

66 

2 

27f 

Verlf.  Date  (Mo) 

67 

69 

i 

3 

27f 

Verlf  Date  (Yr) 

70 

71 

2 

Card  Number 

80 

80 

B 

TVS*  I  iU*- 

dat*|  Tirr 


MM  AW  »-m  >T  ItUCTICN  ■ 


Repeat  Item  1  card  0 


Punch  a  3 


CARD  NUMBER  U 


Remarks 


8  79  72 


Repea 


*  A  ■  ALPHA.  N  ‘  NVMEKC 


CNCPOMM  0-1817B 

I  OCT  M  “ 


*  L  •  LETT,  m  •  jvowr 
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EDPC  KEYPUNO.  WSTRUCTlOMS  (Cor 


INVENTORY  OF  UNITED  STATES  DAMS 


C*MO  iDCNTiViCATiON 

CARD  5 


0*  niko 

"aRDliilMBER~3 


Identity 


29  D/S  Has 


Crest  _ 

3 1  I  Spillway  Type _ 

Spillway  Width 


Maximum  Discharge 


Volume  of  Dam 


Power-Ins  ca lied 


Power-Proposed 


N.L.  Number 


38  N.L.  Length 


39  !  N^L.  Width 


40  _ N.L.  Length _ 

41  N.L.  Width 


_  .  -N>L._Jienst.h _ 

iLJ..Jiidth _ 

_ N..!^  _ 

iiU.,  Width _ 

.  Card-  UumhetL- _ 


louAca 


COLUMM* 


A  ■■  ALPHA.  N  ■  NVmEJUC  ••  L  ^  LFFT.  H  -  K/OHT 


0-1SI7B  B-lo_ 

¥-?4 


69  72 

73  75 
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JOS  Titue 

INVENTORY  OF  UNITED  STATES  DAMS 

joa  HO. 

CAHD  lOIMTiriCATION 

CARD  6.7,8,  &  9 


lOUNCt 

•lock 


'.nMMiiij.i-i-i.' 


VIBtO 


Identity 


46  Owner 


47  Engineering  By 


46  Construction  By 


Cerd  Number 


ENG  FORM  4474A 


6  31  24 


32  55  24 


56  79  24 


80  80 


eeteitcS-ieiTiiecTioN* 


Repeat  Item  1  card  5 


Punch  a  6 


Identity 


49  Design 


50  Construction 


51  Operation 


52  Maintenance 


Card  Number 


CARD  NUMBER  8 


Repeat  Item  1  card  5 


8  25  18 


26  43  18 


44  61  18 


62  79  18 


80  80 


Punch  a  7 


Repeat  Item  1  card  5 


8 

40 

41 

42 

43 

45 

46  i 

47 

Identity 


Remarks 


CARD  NUMBER 


79  72 


80  80 


Repeat  Item  1  card  5 


Punch  a  9 


*  a  -  AL^HA.  N  NVmEMC 


INC  soaa  0-1t17B 

•  OCTM  " 


••  L  *LKrT.  IflUOHT 


B-ll 
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Appc  ndi X  C 

HYDROLOGIC  AND  HYDRAULIC  ASSESSMENT  OF  DAMS 

1.  Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses  of  dam  and  reservoir  capabilities.  However, 
when  such  analyses  are  available,  they  should  be  evaluated  for 
reliability  and  completeness.  If  a  project's  ability  to  pass  the 
appropriate  flood  (see  Table  3,  page  D-12  of  Recommended  Guidelines) 
can  be  determined  from  available  information  or  a  brief  study,  such  an 
asses'^ment  should  be  made.  It  should  be  noted  that  hydrologic  and 
hydraulic  analyses  connected  with  the  Phase  I  inspections  sl^ould  be 
based  on  approximate  methods  or  systematized  computer  programs  that 
take  minimal  effort.  The  Hydrologic  Engineering  Center  (HEC)  has 
developed  a  special  computer  program  for  hydrologic  and  hydraulic 
analyses  to  be  used  with  the  Phase  I  inspection  program.  Other  Field 
Operating  Agencies  have  developed  similar  computer  programs  or 
generalized  procedures  which  are  acceptable  for  use.  All  such  efforts 
should  be  completed  with  minimum  resources. 

2.  A  finding  that  a  dam  will  not  safely  pass  the  flood  indicated  in 
the  Reconmended  Guidelines  does  not  necessarily  indicate  that  the  dam 
should  be  classified  as  unsafe.  The  degree  of  inadequacy  of  the 
spillway  to  pass  the  appropriate  flood  and  the  probable  adverse  impacts 
of  dam  failure  because  of  overtopping  must  be  considered  in  making  such 
classification.  The  following  criteria  have  been  selected  which 
indicate  when  spillway  capacity  is  so  seriously  inadequate  that  a 
project  must  be  classified  as  unsafe.  All  of  the  following  conditions 
must  prevail  before  designating  a  dam  unsafe; 

a.  There  is  high  hazard  to  loss  of  life  from  large  flows 
downstream  of  the  dam. 

b.  Dam  failure  resulting  from  overtopping  would  significantly 
increa.'..r  the  hazard  to  loss  of  life  downstream  from  the  dam  from  that 
which  'voiild  exist  just  before  overtopping  failure. 

c.  Tht  spillway  is  not  capable  of  passing  one-half  of  the  probable 
maximum  flood  without  overtopping  the  dam  and  causing  failure. 

3.  The  above  criteria  are  generally  adequate  for  evaluating  most 
non-Federal  dams.  However,  in  a  few  cases  the  increased  hazard 
potential  from  overtopping  and  failure  is  so  great  as  to  result  in 
catastrophic  consequences.  In  such  cases,  the  evaluation  of  condition 
2c  should  utilize  a  flood  more  closely  approximating  the  full  probable 
maximum  flood  rather  than  one-half  the  flood.  An  example  of  such  a 
situation  would  be  a  large  dam  immediately  above  a  highly  populated 
flood  plain,  with  little  likelihood  of  time  for  evacuation  in  the  event 
of  an  emergency. 
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4.  Conditions  2a  and  2b  require  an  approximation  of  housing  location 
in  relation  to  flooded  areas.  Resources  available  in  Phase  I 
inspections  do  not  permit  detailed  surveys  or  time-consuming  studies 
to  develop  such  relationships.  Therefore,  rough  estimates  will 
generally  be  made  from  data  obtained  during  the  inspection  and  from 
readily  available  maps  and  drawings.  Brief  computer  routings  such  as 
the  HEC-1  dam  break  analysis,  using  available  data,  are  recommended  in 
marginal  cases.  The  HEC-1,  dam  break  version,  is  available  on  the 
Boeing  Computer  Services  or  may  be  obtained  from  the  Hydrologic 
Engineering  Center,  Davis,  California.  Available  resources  do  not 
permit  detailed  studies  or  investigations  to  establish  the  amount  of 
overtopping  that  would  cause  a  dam  to  fail,  as  designated  in  condition 
2c.  Professional  judgment  and  available  information  will  have  to  be 
used  in  these  determinations.  When  detailed  investigations  and 
studies  are  required  to  make  a  reasonable  judgment  of  the  conditions 
%ihich  designate  an  unsafe  dam,  the  inspection  report  should  recommend 
that  such  studies  be  the  responsibility  of  the  dam  owner. 

5.  During  the  inspection  of  a  dam,  consideration  should  be  given  to 
impacts  on  other  dams  located  downstream  from  the  project  being 
inspected.  When  failure  of  a  dam  would  be  likely  to  cause  failure  of 
another  dam(s)  downstream,  its  designation  as  an  unsafe  dam  could 
result  in  multiple  impacts.  Therefore,  the  information  should  be 
explicitly  described  in  the  inspection  report.  Such  information  may 
be  vital  to  the  priorities  established  by  State  Governors  for  dam 
improvements.  Similarly,  when  the  failure  of  an  upstream  dam 
(classified  as  unsafe)  could  cause  failure  of  the  dam  being  inspected, 
this  information  should  be  prominently  displayed  in  the  inspection 
report . 

6.  The  criteria  established  in  paragraph  2  for  designating  unsafe 
dams  because  of  seriously  inadequate  spillways  are  considered 
reasonable  and  prudent.  They  provide  a  consistent  bases  for  declaring 
uns<'<fe  dams  and  also  serve  as  an  effective  compromise  between  the 
Recommended  Guidelines  and  unduly  low  standards  suggested  by  special 
interests  and  individuals  unfamiliar  with  flood  hazard  potential. 

7.  The  Hydrometeorological  Branch  (HMB)  of  the  National  Weather 
Service  has  reviewed  some  500  experienced  large  storms  in  the  United 
States.  The  purpose  of  the  review  was  to  ascertain  the  relative 
magnitude  of  experienced  large  storms  to  probable  maximum 
precipitation  (PMP)  and  their  distribution  throughout  the  country. 

Their  review  reveals  that  about  25  percent  of  the  major  storms  have 
exceeded  50  percent  of  the  probable  maximum  precipitation  for  one  or 
more  combinations  of  area  and  duration.  In  fact  some  storms  have  very 
closely  approximated  the  PMP  values.  Exhibits  C-l  thru  C-5  indicate 
locations  where  experienced  storms  have  exceeded  50  percent  of  the  PMP. 
Table  1  provides  specific  informs  >n  on  each  storm. 
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8.  There  are  several  options  to  consider  when  selecting  mitigation 
measures  :>  avoid  severe  consequences  of  a  dam  failure  from 
overtoppi^.g.  The  following  measures  may  be  required  by  a  Governor 
when  sufficient  legal  authority  is  available  under  State  laws  and  a 
dam  presents  a  serious  threat  to  loss  of  life. 

a.  Remove  the  dam. 

b.  Increase  the  height  of  dam  and/or  spillway  size  to  pass  the 
probable  maximum  flood  without  overtopping  the  dam. 

c.  Purchase  downstream  land  that  would  be  adversely  impacted  by 
dam  failure  and  restrict  human  occupancy. 

d.  Enhance  the  stability  of  the  dam  to  permit  overtopping  by  the 
probable  maximum  flood  without  failure. 

e.  Provide  a  highly  reliable  flood  warning  system  (generally  does 
not  prevent  damage  but  avoids  loss  of  life). 
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Taole  2. — Storms  with  Jpai'-fall  ^  b0%  ofl  PA.'?,  U.S.  east  :f  t'r.c  ^  20c  Z': 
meridian,  (for  20  tri^ ,  C  hrs;  200  ,  24  hrs  and/cr  2000  rri^,  4S  kro). 


Storm  date 

Index 

No. 

Corps  Assignment 
No. 

(if  available) 

Storm  center 

Town  State 

Lat . 

Long. 

7/26/1819 

1 

— 

Cat skill 

N5’ 

42°12 ' 

73°53' 

8/5/1843 

2 

— 

Concordville 

PA 

390531 

75032' 

9/10-13/ 

1878 

3 

OR  9-19 

Jef  ferson 

OH 

41'’45’ 

80 ‘’46’ 

9/20-24/ 

1882 

4 

NA  1-3 

Paterson 

NJ 

40°55' 

74°10' 

6/13-17  / 
1886 

5 

LM\'  4-2  7 

Alexandria 

LA 

31 ‘’19' 

92033' 

6/27-7/11/ 

1899 

6 

CM  3-4 

Turnersville 

TX 

30°52' 

96‘’32' 

8/24-28/ 

1903 

7 

1-10 

Woodburn 

lA 

ACS?' 

93035' 

10/7-11/ 

1903 

8 

GL  4-9 

Paterson 

NJ 

40°55' 

74‘’10' 

7/18-23/ 

1909 

9 

UKV  1-llB 

Ironwood 

Ml 

46°27' 

90° 11' 

7/18-23/ 

1909 

10 

U>a'  1-1  lA 

Beaulieu 

MN 

47°21’ 

95°48' 

7/22-23/ 

1911 

11 

Swede  Hone 

NB 

40'’22’ 

96°54' 

7/19-24/ 

1912 

12 

GL  2-29 

Merrill 

WI 

AS'll' 

89°41' 

7/13-17/ 

1916 

13 

SA  2-9 

Altapass 

NC 

35^33' 

82°01' 

9/8-10/ 

1921 

14 

GM  4-12 

Taylor 

TX 

30 '’35' 

97°18' 

10/4-11/ 

1924 

15 

SA  '.-^0 

New  Smyrna 

FL 

29-07' 

80°55' 

9/17-19/ 

1926 

16 

MR  4-24 

Boyden 

^A 

43'’12' 

96'’ 00' 

3/11-16/ 

1929 

17 

UMV  2-20 

Elba 

AL 

31'’25' 

86°04’ 

6/30-7/2/ 
19  32 

18 

(,-M  5-1 

State  Fish 
Hat  rhery 

TX 

30°01' 

99-07' 

9/16-17/ 

1932 

19 

Ripogenus 

Dam 

MF. 

45''53' 

69°09' 

7/22-27/ 

1933 

20 

LM\’  2-26 

Lopansport 

LA 

31'’58' 

94°00' 

C-4 
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Table  1. — Stoims  with  rainfall  ^  S0%  of  PMF.  U.S.  east  cf  the  IClth 
meridian,  (for  10  mi^^  6  hrs;  200  mi^,  24  hrs  and/or  1000  hrc)  - 

continued. 


Corps  Assignment 

Index  No.  Storm  center 


Storm  date 

No. 

(if  available) 

Town 

State 

Lat . 

Long. 

1934 

21 

SW 

2-11 

Cheyenne 

OK 

35037, 

99*40' 

5/30-31/ 

Cherry 

1935 

22 

MR 

3-28A 

Creek 

CO 

39'’13' 

104*32' 

5/31/1935 

23 

CM 

5-20 

Woodward 

TX 

29020 

99*26' 

7/6-10/ 

1935 

24 

NA 

1-27 

Hector 

NT 

42“30' 

76*53' 

9/2-6/ 

1935 

25 

SA 

1-26 

Easton 

MD 

38'‘46' 

76*01' 

9/14-18/ 

1936 

26 

GM 

5-7 

Broome 

TX 

31‘’47' 

100*50' 

6/19-2(y 

1939 

27 

- 

Snyder 

TX 

32°44' 

100*55' 

7/4-5/ 

1939 

28 

- 

Simpson 

ICY 

38“13’ 

83*22 ' 

8/19/1939 

29 

NA 

2-3 

Manahawkin 

NJ 

39*42' 

74*16' 

6/3-4/1940 

30 

MR 

4-5 

Grant  Town¬ 

ship 

NB 

42*01' 

96*53' 

8/6-9/1940 

31 

LMV 

4-24 

Miller  Isl. 

LA 

29*45' 

92*10' 

8/10-17/1940 

32 

SA 

5-19A 

Ke”sville 

VA 

37*03' 

78*30' 

9/  1/1940 

33 

NA 

2-4 

NJ 

39*42' 

75*12' 

9/2-6/1940 

34 

SW 

2-18 

-ilet 

OK 

36*15' 

96*36' 

8/28-31/1941 

35 

UMV 

1-22 

Haywood 

WI 

46*00' 

91*28' 

10/17-22/1941 

36 

SA 

5-6 

Trenton 

FL 

29*48' 

82*57' 

7/17-18/1942 

37 

OR 

9-23 

Smethport 

PA 

41*50' 

78*25' 

10/11-17/1942 

38 

SA 

1-28A 

Big  Meadows 

VA 

38*31 ' 

78*26' 

5/6-12/1543 

39 

SW 

2-20 

Warner 

OK 

35*29' 

95*18' 

5/12-20/1943 

40 

SW 

2-21 

Nr.  Mounds 

OK 

35*52' 

96*04' 

7/27-29/1943 

41 

GM 

5-21 

Devers 

TX 

30*02' 

94*35' 

8/  4-5/1943 

42 

OR 

3-30 

Nr.  Glenv- 

ville 

wv 

38*56' 

80*50' 

6/10-13/1944 

43 

MR 

6-15 

Nr.  Stanton 

NB 

41*52' 

97*03' 

8/12-15/1946 

44 

MR 

7-2A 

Cole  Camp 

MO 

38*40' 

93*13' 

8/12-16/1946 

45 

MR 

7-2B 

Nr.  Collins¬ 

ville 

IL 

38*40' 

89*59' 

C-5 
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Table  !• — Storms  with  vainfall  ^  60%  of  PMP.  i'.S.  east  of  the ^lOLzh 
meridian,  (for  10  mi  ,  ^  hrs;  200  mi  ,  24  hrs  and/or  1000  4B  hrs)  - 
oontinued. 


Corps  Assignment 

Index  No.  Storm  center 


Storm  date 

No . 

(if  available) 

Town 

State 

Lat . 

Long. 

9/26-27/1946 

46 

GM  5-24 

Nr .  San 

Antonio 

TX 

29°20' 

98°29' 

6/23-24/1948 

47 

— 

Nr.  Del  Rio 

TX 

29°  22 ' 

100°37' 

9/3-7/1950 

48 

SA  5-8 

Yankee town 

FL 

29°03' 

S2°42' 

6/23-28/1954 

49 

SW  3-22 

Vic  Pierce 

TX 

30°22' 

101°23' 

8/17-20/1955 

50 

NA  2-22A 

Westfield 

MA 

42°07 ' 

72°45' 

5/15-16/1957 

51 

_ 

Hennessey 

OK 

36°02' 

97°56’ 

6/14-15/1957 

52 

— 

Nr.  E.  St. 

Louis 

IL 

33037, 

90°24' 

6/23-24/1963 

53 

— 

David  City 

NB 

41°14’ 

97°05' 

6/13-20/1965 

54 

— 

Holly 

CO 

37°43' 

102°23' 

6/24/1966 

55 

— 

Glenullin 

ND 

47°21' 

101°19' 

8/12-13/1966 

56 

— — 

Nr.  Greely 

NB 

41°33' 

98°32' 

9/19-24/1967 

57 

SW  3-24 

Falfurrias 

TX 

27°16' 

98°12’ 

7/16-17/1968 

58 

— 

Waterloo 

lA 

42°30' 

92°19  ’ 

7/4-5/1969 

59 

— 

Nr.  Wooster 

OH 

•  40°50’ 

82'00’ 

8/19-20/1969 

60 

NA  2-3 

Nr.  Tyro 

VA 

37°49’ 

79°00' 

6/  9/1972 

61 

— 

Rapid  City 

SD 

44°12' 

103°31’ 

6/19-23/1972 

62 

— 

Zerbe 

PA 

40°37’ 

76'>31’ 

7/21-22/1972 

63 

— 

Nr.  Cushing 

MN 

46°10’ 

94°30' 

9/10-12/1972 

64 

— 

Harlan 

lA 

41°43' 

95°15’ 

10/10-11/1973 

65 

— 

Enid 

OK 

36°25' 

97052’ 

'B-35 
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Table  2. — Storms  with  rainfall  i  50%  of  PUP,  H.R.  west  of  Continental  Divide 

(for  10  mi^  6  hours  or  1000  mi^  for  one  duration  between 
f  and  72  hours) 

Storm  Center  Duration 


storm  date 

Index  No. 

Town  State 

Lat . 

Lono.  for 

1000  mi^ 

8/11/1890 

1 

Palmetto, 

w 

37‘27 

117*42 

8/12/1891 

2 

Campo 

CA 

32*36 

116*28 

8/28/1898 

3 

Ft .  Mohave 

A? 

35*03 

114*36 

10/4-6/1911 

4 

Gladstone 

CO 

37*53 

107*39 

12/29/1913- 

1/3/1914 

5 

- 

CA 

39*55 

121*25 

2/17-22/1914 

6 

Colby  Panch 

CA 

34*18 

118*07 

2/20-25/1917 

7 

- 

CA 

37*35 

119*36 

9/13/1918 

8 

Red  Fluff 

CA 

40*10 

122*14 

2/26-3/4/1938 

9 

CA 

34*14 

117*11 

3/30-4/2/1931 

10 

- 

ID 

46*30 

114*50 

24 

2/26/1932 

11 

Biq  Four 

V.'A 

4R*05 

121*30 

11/21/1933 

12 

Tatoosh  Is. 

VP. 

48*23 

124*44 

1/20-25/1935 

13 

- 

VP 

47*30 

123*30 

6 

1/20-25/1935 

14 

- 

VP 

47*00 

122*00 

72 

2/4-8/1937 

15 

Cyamaca  Dam 

CA 

33*00 

116*35 

12/9-12/1937 

16 

. 

CA 

38*51 

122*43 

2/27-3/4/1938 

17 

- 

AZ 

34*57 

111*44 

12 

1/19-24/1943 

18 

- 

CA 

37*35 

119*25 

18 

1/19-24/1943 

19 

Ho*9ee*s  Camp 

CA 

34*13 

118*02 

1/30-2/3/1945 

20 

- 

CA 

37*35 

119*30 

12/27/1945 

21 

Mt.  Tamalpias 

CA 

37*54 

122*34 

11/13-21/1950 

22 

- 

CA 

36*30 

118*30 

24 

8/25-30/1951 

23 

- 

AZ 

34*07 

112*21 

72 

7/19/1955 

24 

Chiatovich  Flat 

CA 

37*44 

118*15 

8/16/1958 

25 

Morgan 

UT 

41*03 

111*38 

9/18/1959 

26 

Newton 

CA 

40*22 

122*12 

6/7-8/1964 

27 

Nyac)t  Ck. 

MT 

48*30 

113*38 

12 

9/3-7/1970 

28 

- 

UT 

37*3P 

109*04 

6 

9/3-7/1970 

29 

- 

AZ 

33*49 

110*56 

6 

6/7/1972 

30 

Bakersfield 

CA 

35*25 

119*03 

12/9-12/1937 

31 

- 

CA 

39*45 

121*30 

48 
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Plate  1;  Observed  point  rainfalls  >  50%  of  all-season  PMP,  U.S.  east  of  105th 
meridian  for  10  mi^  6  hours.  (Large  number  is  X  of  PMP,  small  number  is  storm 
index,  see  table  1.) 

Exhibit  C-1 
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STATun  MIES 
100  0  100  ^00 
100  0  100  >00  300  400 
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Plate  3:  Observed  rainfalls  >  SOX  of  all-season  PMP,  U.S.  east  of  the  105th 

meridian  for  1000  ml^  48  hours.  (Large  number  Is  X  of  PMP,  small  number  Is 
storm  Index,  see  table  1.) 

Exhibit  C-3 
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X  of  PMP.  Small  number  Is  sCorm  Index,  see  table  2.) 
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PREFACE 


The  rccooiMndad  guideline*  for  the  eefety  Inspection  of  dams  were 
prepered  to  outline  principal  factors  to  be  weighed  In  the  determination 
of  existing  or  potential  haxards  and  to  define  the  scope  of  activities  to 
be  undertaken  In  the  safety  Inapectlon  of  dams.  The  establishment  of 
rigid  criteria  or  atandarda  la  not  intended.  Safety  must  be  evaluated 
in  the  light  of  peculierities  end  local  conditions  at  a  particular  dam 
and  in  recognition  of  the  etany  factors  involved,  some  of  which  may  not 
be  precisely  known.  This  can  only  be  done  by  competent,  experienced 
engineering  Judgement,  which  the  guidelines  are  intended  to  aupplement 
and  not  supplant.  The  guidelines  ere  intended  to  be  flexible,  and  the 
proper  flexibility  muat  be  achieved  through  the  employment  of  experienced 
engineering  personnel. 

Conditions  found  during  the  investigation  which  do  not  meet  guideline 
recommendations  should  be  assessed  by  the  investigator  as  to  their  Import 
from  the  standpoint  of  the  Involved  degree  of  risk.  Many  deviations  will 
not  compromise  project  safety  and  the  investigator  is  expected  to  Identify 
them  in  this  manner  if  that  is  the  case.  Others  will  involve  various 
degrees  of  risk,  the  proper  evaluation  of  which  will  afford  a  basis  for 
priority  of  subsequent  attention  and  possible  remedial  action. 

The  guidelines  present  procedures  for  Investigating  and  evaluating 
existing  conditions  for  the  purpose  of  Identifying  deficiencies  and 
hazardous  conditions.  The  two  phases  of  investigation  outlined  In  the 
guidelines  are  expected  to  accomplish  only  this  and  do  not  encompass 
in  scope  the  engineering  which  will  be  required  to  perform  the  design 
studies  for  corrective  modification  work. 

It  is  recognized  that  some  States  may  have  established  or  will  adopt 
inspection  criteria  Incongruous  In  some  respects  with  these  guidelines. 

In  such  instances  assessments  of  project  safety  should  recognize  the 
State's  requirements  as  well  as  guideline  reconinendations . 

The  guidelines  were  developed  with  the  help  of  several  Federal 
agencies  and  many  State  agencies,  professional  engineering  organizations, 
and  private  engineers.  In  reviewing  two  drafts  of  the  guidelines  they 
have  contributed  many  helpful  suggestions.  Their  contributions  are  deeply 
appreciated  and  have  made  it  possible  to  evolve  a  document  representing 
a  consensus  of  the  engineering  fraternity.  As  experience  is  gained  with 
uae  of  the  guidelines,  suggestions  for  future  revisions  will  be  generated. 
All  such  suggestions  should  be  directed  to  the  Chief  of  Engineers, 

U.S.  Army,  DAEN-CWE-D,  Washington,  D.C.  20314. 
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RECC»®ffiNDED  GUIDELINES  FOR  SAFETY  INSPECTION  OF  DAMS 


CHAPTER  1  -  INTRODUCTION 


1.1.  Purpoie.  This  document  provides  reconnended  guidelines  for  the 
Inspection  end  evaluation  of  dams  to  determine  If  they  constitute  hazards 
to  human  life  or  property. 

1.2.  Applicability.  The  procedures  end  guidelines  outlined  In  this 
document  apply  to  the  Inspection  and  evaluation  of  all  dams  as  defined 
In  the  National  Dam  Inspection  Act,  Public  Lav  92-367.  Included  In  this 
program  are  all  artificial  barriers  together  with  appurtenant  works  which 
Impound  or  divert  water  and  which  (1)  are  twenty- five  feet  or  more  In 
height  or  (2)  have  an  Impounding  capacity  of  fifty  acre-feet  or  more. 

Not  Included  arc  barriers  which  are  six  feet  or  less  In  height,  regardless 
of  storage  capacity,  or  barriers  which  have  a  storage  capacity  at  maxlmuir. 
water  storage  elevation  of  fifteen  acre-feet  or  less  regardless  of  height. 

1.3.  Authority.  The  Dam  Inspection  Act,  Public  Law  92-367  (Appendix  III), 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to 
Initiate  a  program  of  safety  Inspection  of  dams  throughout  the  United 
States.  The  Chief  of  Engineers  Issues  these  guidelines  pursuant  to  that 
authority . 
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2.1.  Classification  of  Dams.  Dams  should  be  classified  In  accordance 
with  size  and  hazard  potential  In  order  to  formulate  a  priority  basis 
for  selecting  dams  to  be  Included  in  the  inspection  program  and  also 
to  provide  compatibility  between  guideline  requirements  and  involved 
risks.  When  possible  the  initial  classifications  should  be  based  upon 
Information  listed  in  the  National  Inventory  of  Dams  with  respect  to 
size,  Impoundment  capacity  and  hazard  potential.  It  may  be  necessary 
to  reclassify  dams  when  additional  information  becomes  available. 

2.1.1.  Size ■  The  classification  for  size  based  on  the  height  of  the 
dam  and  storage  capacity  should  be  in  accordance  with  Table  1.  The 
height  of  the  dam  is  established  with  respect  to  the  maximum  storage 
potential  measured  from  the  natural  bed  of  the  stream  or  watercourse  at 
the  downstream  toe  of  the  barrier,  or  if  it  is  not  across  a  stream  or 
watercourse,  the  height  from  the  lowest  elevation  of  the  outside  limit 
of  the  barrier,  to  the  maximum  water  storage  elevation.  For  the  purpose 
of  determining  project  size,  the  maximum  storage  elevation  may  be 
considered  equal  to  Che  top  of  dam  elevation.  Size  classification 

may  be  determined  by  either  storage  or  height,  whichever  gives  the 
larger  size  category. 

TABLE  1 


Small 


Intermediate 


Large 


2.1.2.  Hazard  Potential.  The  classification  for  potential  hazards 
should  be  in  accordance  with  Table  2.  The  hazards  pertain  to  potential 
loss  of  human  life  or  property  damage  in  the  area  downstream  of  the  dam 
in  event  of  failure  or  misoperation  of  the  dam  or  appurtenant  facilities. 
Dams  conforming  to  criteria  for  the  low  hazard  potential  category 
generally  will  be  located  in  rural  or  agricultural  areas  where  failure 
may  damage  farm  buildings,  limited  agricultural  land,  or  township  and 
country  roads.  Sicinificant  hazard  potential  category  structures  will 
be  those  located  in  predominantly  rural  or  agricultural  areas  where 
failure  may  damage  Isolated  homes,  secondary  highways  or  minor  railroads 
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or  cause  interruption  of  use  or  service  of  relatively  important  public 
utilities.  Dams  in  the  high  hazard  potential  category  will  be  those 
located  where  failure  may  cause  serious  damage  to  homes,  extensive 
agricultural,  industrial  and  connerclal  facilities,  important  public 
utilities,  main  highways,  or  railroads. 

TABLE  2 

HAZARD  POTEWTIAL  CLASSIFICATION 


Category 


Loss  of  Life 
(Extent  of  Development) 


Economic  Loss 
(Extent  of  Development) 


Low 


None  expected  (No  per¬ 
manent  structures  for 
human  habitation) 


Minimal  (Undeveloped 
to  occasional  structures 
or  agriculture) 


Significant 


Few  (No  urban  develop¬ 
ments  and  no  more  than 
a  small  number  of 
Inhabitable  structures) 


Appreciable  (Notable 
agriculture,  industry 
or  structures) 


High 


More  than  few 


Excessive  (Extensive 
community.  Industry 
or  agriculture) 


2.2.  Selection  of  Dams  to  be  Investigated.  The  selection  of  dams  to 
be  investigated  should  be  based  upon  an  assessment  of  existing  develop¬ 
ments  in  flood  hazard  areas.  Those  dams  possessing  a  hazard  potential 
classified  high  or  significant  as  indicated  in  Table  2  should  be  given 
first  and  second  priorities,  respectively.  In  the  inspection  program. 
Inspection  priorities  within  each  category  may  be  developed  from  a 
consideration  of  factors  such  as  size  classification  and  age  of  the  dam, 
the  population  size  in  the  downstream  flood  area,  and  potential  develop¬ 
ments  anticipated  in  flood  hazard  areas. 

2.3.  Technical  Investigations.  A  detailed,  systematic,  technical 
inspection  and  evaluation  should  be  made  of  each  dam  selected  for 
investigation  in  which  the  hydraulic  and  hydrologic  capabilities, 
structural  stability  and  operational  adequacy  of  project  features  are 
analyzed  and  evaluated  to  determine  if  the  dam  constitutes  a  danger 
to  human  life  or  property.  The  investigation  should  vary  in  scope 
and  completeness  depending  upon  the  availability  and  suitability  of 
engineering  data,  the  validity  of  design  assumptions  and  analyses  and 
the  condition  of  the  dam.  The  minimum  investigation  will  be  designated 
Phase  I,  and  an  in-depth  investigation  designated  Phase  II  should  be 
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nui^e  where  deemed  necessary.  Phase  I  investigations  should  consist 
of  a  visual  inspection  of  the  dam,  abutments  and  critical  appurtenant 
structures,  and  a  review  of  readily  available  engineering  data.  It 
is  not  intended  to  perform  costly  explorations  or  analyses  during 
Phase  I.  Phase  II  Investigations  should  consist  of  all  additional 
engineering  investigations  and  analyses  found  necessary  by  results  of 
the  Phase  I  investigation. 

2.4.  Qualifications  of  Investigators.  The  technical  investigations 
should  be  conducted  under  the  direction  of  licensed  professional  engineers 
experienced  in  the  investigation,  design,  construction  and  operation 
of  dams,  applying  the  disciplines  of  hydrologic,  hydraulic,  soils  and 
structural  engineering  and  engineering  geology.  All  field  inspections 
should  be  conducted  by  qualified  engineers,  engineering  geologists 
and  other  specialists,  including  experts  on  mechanical  and  electrical 
operation  of  gates  and  controls,  knowledgeable  in  the  investigation, 
design,  construction  and  operation  of  dams. 
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CHAPTER  3  -  PHASE  1  INVESTIGATION 


3.1.  Purpoee.  The  primary  purpose  of  the  Phase  I  Investigation  program 
is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property. 

3.2.  Scope.  The  Phase  I  investigation  will  develop  an  assessment  of 
the  general  condition  with  respect  to  safety  of  the  project  based  upon 
available  data  and  a  visual  inspection,  determine  any  need  for  emergency 
measures  and  conclude  if  additional  studies,  investigation  and  analyses 
are  necessary  and  warranted.  A  review  will  be  made  of  pertinent  existing 
and  available  engineering  data  relative  to  the  design,  construction  ^ 
and  operation  of  the  dam  and  appurtenant  structures,  including  electrical 
and  mechanical  operating  equipment  and  measurements  from  inspection 

and  performance  instruments  and  devices;  and  a  detailed  systematic 
visual  inspection  will  be  performed  of  those  features  relating  to 
the  stability  and  operational  adequacy  of  the  project.  Based  upon 
findings  of  the  review  of  engineering  data  and  the  visual  inspection, 
an  evaluation  will  be  made  of  the  general  condition  of  the  dam,  including 
where  possible  the  assessment  of  the  hydraulic  and  hydrologic  capa¬ 
bilities  and  the  structural  stability. 

3.3.  Engineering  Data.  To  the  extent  feasible  the  engineering  data 
listed  in  Appendix  I  relating  to  the  design,  construction  and  operation 
of  the  dam  and  appurtenant  structures,  should  be  collected  from  existing 
records  and  reviewed  to  aid  in  evaluating  the  adequacy  of  hydraulic 

and  hydrologic  capabilities  and  stability  of  the  dam.  Where  the 
necessary  engineering  data  are  unavailable,  inadequate  or  invalid,  a 
listing  should  be  made  of  those  specific  additional  data  deemed  necessary 
by  the  engineer  in  charge  of  the  Investigation  and  Included  in  the 
Phase  I  report. 

3.4.  Field  Inspections.  The  field  inspection  of  the  dam,  appurtenant 
structures,  reservoir  area,  and  downstream  channel  in  the  vicinity  of 
the  dam  should  be  conducted  in  a  systematic  manner  to  minimize  the  pos¬ 
sibility  of  any  significant  feature  being  overlooked.  A  detailed  check¬ 
list  should  be  developed  and  followed  for  each  dam  inspected  to  document 
the  examination  of  each  significant  structural  and  hydraulic  feature 
including  electrical  and  mechanical  equipment  for  operation  of  the  con¬ 
trol  facilities  that  affect  the  safety  of  the  dam. 

3.4.1.  Particular  attention  should  be  given  to  detecting  evidence  of 
leakage,  erosion,  seepage,  slope  instability,  undue  settlement,  displace¬ 
ment,  tilting,  cracking,  deterioration,  and  improper  functioning  of 
drains  and  relief  wells.  The  adequecy  and  quality  of  maintenance  and 
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operating  procedures  as  they  pertain  to  the  safety  of  the  dam  and 
operation  of  the  control  facilities  should  also  be  assessed. 

3.4.2.  Photographs  and  drawings  should  be  used  freely  to  record  con¬ 
ditions  in  order  to  minimize  descriptions. 

3.4.3.  The  field  inspection  should  include  appropriate  features  and 
items,  including  but  not  limited  to  those  listed  in  Appendix  II,  which 
may  influence  the  safety  of  the  dam  or  Indicate  potential  hazards  to 
human  life  or  property. 

3.5.  Evaluation  of  Hydraulic  and  Hydrologic  Features. 

3.5.1.  Design  Data.  Original  hydraulic  and  hydrologic  design  assumptions 
obtained  from  the  project  records  should  be  assessed  to  determine  their 
acceptability  in  evaluating  the  safety  of  the  dam.  All  constraints  on 
water  control  such  as  blocked  entrances,  restrictions  on  operation  of 
spillway  and  outlet  gates.  Inadequate  energy  dissipators  or  restrictive 
channel  conditions,  significant  reduction  in  reservoir  capacity  by  sediment 
deposits  and  other  factors  should  be  considered  in  evaluating  the  validity 
of  discharge  ratings,  storage  capacity,  hydrographs,  routings  and  regula¬ 
tion  plan.  The  discharge  capacity  and/or  storage  capacity  should  be 
capable  of  safely  handling  the  recoinnended  spillway  design  flood  for  the 
size  and  hazard  potential  classification  of  the  dam  as  indicated  in 
Table  3.  The  hydraulic  and  hydrologic  determinations  for  design  as 
obtained  from  project  records  will  be  acceptable  if  conventional  tech¬ 
niques  similar  to  the  procedures  outlined  in  paragraph  4,3.  were  used 
in  obtaining  the  data.  When  the  project  design  flood  actually  used 
exceeds  the  recommended  spillway  design  flood,  from  Table  3,  the  project 
design  flood  will  be  acceptable  in  evaluating  the  safety  of  the  dam. 

TABLE  3 


Hazard 


low 


Significant 


HYDROLOGIC  EVALUATION  GUIDELINES 
RECOMMENDED  SPILLWAY  DESIGN  FLOODS 


Size 


♦Spillway  Design  Flood  (SDF) 


Small 

Intermediate 

Large 


50  to  lOO-yr  freq 
lOO-yr  to  1/2  PMF 
1/2  PMF  to  PMF 


Small 

Intermediate 

Large 


lOO-yr  to  1/2  PMF 
1/2  PMF  to  PMF 
PMF 


(TABLE  3  Continued  on  next  page) 
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(TABLE  3  Continued) 


Heeerd 


High 


Site  *Splllwey  Design  Flood  (SDF) 

Smell  1/2  PMF  to  PMF 

Intermediate  PMF 

Large  PMF 


*The  recoiranended  design  floods  In  this  column  represent  the  magnitude  of 
the  spillway  design  flood  (SDF),  which  Is  Intended  to  represent  the  largest 
flood  that  need  be  considered  In  the  evaluation  of  a  given  project,  regard¬ 
less  of  whether  a  spillway  Is  provided;  l.e.,  a  given  project  should  be 
capable  of  safely  passing  the  appropriate  SDF.  Where  a  range  of  SDF  Is 
Indicated,  the  magnitude  that  most  closely  relates  to  the  Involved  risk 
should  be  selected. 


100-yr  ■  100-Year  Exceedence  Interval.  The  flood  magnitude  expected  to 
be  exceeded,  on  the  average,  of  once  In  100  years.  It  may  also 
be  expressed  as  an  exceedence  frequency  with  a  one-percent  chance 
of  being  exceeded  in  any  given  year. 

PMF  ~  Probable  Maximum  Flood.  The  flood  that  may  be  expected  from 
the  most  severe  combination  of  critical  meteorologlc  and 
hydrologic  conditions  that  are  reasonably  possible  In  the 
region.  The  PMF  Is  derived  from  probable  maximum  precipitation 
(PMP) ,  which  Information  Is  generally  available  from  the 
National  Weather  Service,  NOAA.  Most  Federal  agencies  apply 
reduction  factors  to  the  PMP  when  appropriate.  Reductions  may 
be  applied  because  rainfall  Isohyetals  are  unlikely  to  conform 
to  the  exact  shape  of  the  drainage  basin  and/or  the  storm  Is 
not  likely  to  center  exactly  over  the  drainage  basin.  In  some 
cases  local  topography  will  cause  changes  from  the  generalized 
PMP  values,  therefore.  It  may  be  advisable  to  contact  Federal 
construction  agencies  to  obtain  the  prevailing  practice  In 
specific  areas. 

3.5.2.  Experience  Data.  In  some  cases  where  design  data  are  lacking, 
an  evaluation  of  overtopping  potential  may  be  based  on  watershed  char¬ 
acteristics  and  rainfall  and  reservoir  records.  An  estimate  of  the 
probable  maximum  flood  may  also  be  developed  from  a  conservative, 
generalized  comparison  of  the  drainage  area  size  and  the  magnitude  of 
recently  adopted  probable  maxloium  floods  for  damsltes  In  comparable 
hydrologic  regions.  Where  the  review  of  such  experience  data  Indicates 
that  the  recoiranended  spillway  design  flood  would  not  cause  overtopping 
additional  hydraulic  and  hydrologic  determinations  will  be  unnecessary. 
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3.6.  Evaluation  of  Structural  Stability.  The  Phase  I  evaluations  of 
structural  adequacy  of  project  features  are  expected  to  be  based  princi¬ 
pally  on  existing  conditions  as  revealed  by  the  visual  inspection,  together 
with  available  design  and  construction  information  and  records  of  perfor¬ 
mance.  The  objectives  are  to  determine  the  existence  of  conditi'-ns  which 
are  hazardous,  or  which  with  time  might  develop  into  safety  hazards,  and 
to  formulate  recommendations  pertaining  to  the  need  for  any  additional 
studies,  investigations,  or  analyses.  The  results  of  this  phase  of  the 
inspection  must  rely  very  substantially  upon  the  experience  and  judgment 
of  the  inspecting  engineer. 

3.6.1,  Design  and  Construction  Data.  The  principal  design  assumptions 
and  analyses  obtained  from  the  project  records  should  be  assessed. 

Original  design  and  construction  records  should  be  used  judiciously, 
recognizing  the  restricted  applicability  of  such  data  as  material 
strengths  and  permeabilities,  geological  factors  and  construction  descrip¬ 
tions.  Original  stability  studies  and  analyses  should  be  acceptable  if 
conventional  techniques  and  procedures  similar  to  those  outlined  in 
paragraph  4,4  were  employed,  provided  that  review  of  operational  and 
performance  data  confirm  that  the  original  design  assumptions  were 
adequately  conservative.  The  need  for  such  analyses  where  either  none 
exist  or  the  originals  are  Incomplete  or  unsatisfactory  will  be  determined 
bv  the  inspecting  engineer  based  upon  other  factors  such  as  condition  of 
structures,  prior  maximum  loadings  and  the  hazard  degree  of  the  project. 
Design  assumptions  and  analyses  should  include  all  applicable  loads 
Including  earthquake  and  indicate  the  structure's  capability  to  resist 
overturning,  sliding  and  overstressing  with  adequate  factors  of  safety. 

In  general  seepage  and  stability  analyses  comparable  to  the  requirements 
of  paragraph  4.4  should  be  on  record  for  all  dams  in  the  high  hazard 
category  and  large  dams  in  the  significant  hazard  category.  This  require¬ 
ment  for  other  dams  will  be  subject  to  the  opinion  of  the  inspecting 
engineer . 

3.6.2.  Operating  Records.  The  performance  of  structures  under  prior 
maximum  loading  conditions  should  in  some  instances  provide  partial  basis 
for  stability  evaluation.  Satisfactory  experience  under  loading  con¬ 
ditions  not  expected  to  be  exceeded  in  the  future  should  generally  be 
indicative  of  satisfactory  stability,  provided  adverse  changes  in 
phvsical  conditions  have  not  occurred.  Instrumentation  observations  of 
forces,  pressures,  loads,  stresses,  strains,  displacements,  deflections 
or  other  related  conditions  should  also  be  utilized  in  the  safety 
evaluation.  Where  such  data  indicate  abnormal  behavior,  unsafe  move¬ 
ment  or  deflections,  or  loadings  which  adversely  affect  the  stability 

or  functioning  of  the  structure,  prompt  reporting  of  such  circumstances 
is  required  without  the  delay  for  preparation  of  the  official  inspection 
report . 
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3.6.3.  Poet  Conetnictton  Chentee.  Date  should  be  collected  on  chenges 
which  have  occurred  alnca  project  construction  that  might  influence  the 
safety  of  the  dam  such  as  road  euta,  quarries,  mining  and  groundwater 
changes. 


3.6.4.  Seismic  Stability.  An  aasassmant  should  be  made  of  the  potential 
vulnerability  of  the  dam  to  aaismic  events  and  a  racoimandation  developed 
with  regard  to  the  need  for  additional  seismic  investigation.  In  general, 
projects  located  in  Seismic  Zones  0,  1  and  2  may  ba  assumed  to  present 
no  hasard  from  earthquake  provided  static  stability  conditions  are  satis* 
factory  and  conventional  safety  margins  exist.  Dams  in  Zones  3  and  4 
should,  as  a  minimum,  have  on  record  suitable  analyses  made  by  conven* 
tional  equivalent  static  load  methods.  The  seismic  sonas  together  with 
appropriate  coafficlanta  for  uaa  in  such  analyses  are  shown  in  Figures 
1  through  4.  Boundary  lines  are  approximate  and  in  the  event  of  doubt 
about  the  proper  tone,  the  higher  tone  should  ba  used.  All  high  hazard 
category  dams  in  Zona  4  and  high  hatard  dams  of  the  hydraulic  fill  type 
in  Zone  3  should  have  a  stability  assessment  based  upon  knowledge  of 
regional  and  local  geology,  engineering  seismology,  in  situ  properties 
of  materials  and  appropriate  dynamic  analytical  and  tasting  procedures. 
The  assessment  should  include  the  possibility  of  physical  displacement 
of  the  structures  due  to  movements  along  active  faults.  Departure 
from  this  general  guidance  should  be  made  whenever  in  the  Judgment  of 
the  investigating  engineer  different  seismic  stability  requirements  are 
warranted  because  of  local  geological  conditions  or  other  reasons. 
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4.1.  Purpose .  The  Phase  II  Investigation  will  be  supplementary  to  Phase 
I  and  should  be  conducted  when  the  results  of  the  Phase  I  Investigation 
Indicate  the  need  for  additional  In-depth  studies.  Investigations  or 
analyses. 

4.2.  Scope.  The  Phase  II  Investigation  should  Include  all  additional 
studies,  Investigations  and  analyses  necessary  to  evaluate  the  safety  of 
the  dam.  Included,  as  required,  will  be  additional  visual  inspections, 
measurements,  foundation  exploration  and  testing,  materials  testing, 
hydraulic  and  hydrologic  analysis  and  structural  stability  analyses. 

4.3.  Hydraulic  and  Hydrologic  Analysis.  Hydraulic  and  hydrologic 
capabilities  should  be  determined  using  the  following  criteria  and  pro¬ 
cedures.  Depending  on  the  project  characteristics,  either  the  spillway 
design  flood  peak  Inflow  or  the  spillway  design  flood  hydrograph  should 
be  the  basis  for  determining  the  maximum  water  surface  elevation  and 
maximum  outflow.  If  the  operation  or  failure  of  upstream  water  control 
projects  would  have  significant  impact  on  peak  flow  or  hydrograph  analyses, 
the  impact  should  be  assessed. 

4.3.1.  Maximum  Water  Surface  Based  on  SDF  Peak  Inflow.  When  the  total 
project  discharge  capability  at  maximum  pool  exceeds  the  peak  inflow  of 
the  reconmended  SDF,  and  operational  constraints  would  not  prevent  such 
a  release  at  controlled  projects,  a  reservoir  routing  Is  not  required. 

The  maximum  discharge  should  be  assumed  equal  to  the  peak  inflow  of 
the  spillway  design  flood.  Flood  volume  is  not  controlling  In  this 
situation  and  surcharge  storage  Is  either  absent  or  is  significant  only 
to  Che  extent  that  it  provides  the  head  necessary  to  develop  the  release 
capability  required. 

4. 3. 1.1.  Peak  for  100-Year  Flood.  When  the  100-year  flood  is  applicable 
under  the  provisions  of  Table  3  and  data  are  available,  the  spillway  design 
flood  peak  Inflow  may  be  determined  by  use  of  "A  Uniform  Technique  for 
Determining  Flood  Frequencies,"  Water  Resources  Council  (WRC) ,  Hydrology 
Committee,  Bulletin  15,  December  1967.  Flow  frequency  Information  from 
regional  analysis  is  generally  preferred  over  single  station  results  when 
available  and  appropriate.  Rainfall -runoff  techniques  may  be  necessary 
when  there  are  inadequate  runoff  data  available  to  make  a  reasonable 
estimate  of  flow  frequency. 

4. 3. 1.2.  Peak  for  PMF  or  Fraction  Thereof.  When  either  the  Probable 
Maximum  Flood  peak  or  a  fraction  thereof  is  applicable  under  the  provi¬ 
sions  of  Table  3,  the  unit  hydrograph  -  infiltration  loss  technique  Is 
generally  the  most  expeditious  method  of  computing  the  spillway  design 
flood  peak  for  most  projects.  This  technique  is  discussed  in  the 
following  paragraph. 


2-15 

B-’56' 


ER  1110-2-106 
26  Sept  79 


A. 3. 2.  Maximum  Water  Surface  Bated  on  SDF  Hydrogreph.  Both  peak  and 
volume  are  required  In  this  analysla.  Where  surcharge  storage  Is  signifi¬ 
cant,  or  where  there  Is  Insufficient  discharge  capability  at  maximum  pool 
to  pass  the  peak  Inflow  of  the  SDF,  considering  all  possible  operational 
constraints,  a  flood  hydrograph  Is  required.  When  there  are  upstream 
hazard  areas  that  would  be  Inperlled  by  fast  rising  reservoirs  levels,  SDF 
hydrographs  should  be  routed  to  ascertain  available  time  for  warning 
and  escape.  Determination  of  probable  maximum  precipitation  or  100-year 
precipitation,  whichever  is  applicable,  and  unit  hydrographs  or  runoff 
models  will  be  required,  followed  by  the  determination  of  the  PMF  or  100- 
year  flood.  Conservative  loss  rates  (significantly  reduced  by  antecedent 
rainfall  conditions  where  appropriate) should  be  estimated  for  computing 
the  rainfall  excess  to  be  utilized  with  unit  hydrographs.  Rainfall  values 
are  usually  arranged  with  gradually  ascending  and  descending  rates  with 
the  maximum  rate  late  In  the  atorm.  Whan  appllcabla,  conservatively  high 
snowmelt  runoff  rates  and  approprlata  releasas  from  upstream  projects  • 
should  be  assumed.  The  PMF  may  be  obtained  from  National  Weather 
Service  (NWS)  publications  such  aa  Hydrometeorological  Report  (HMR)  33. 
Special  NWS  publications  for  particular  areas  should  be  used  when  avail¬ 
able.  Rainfall  for  the  100-year  frequency  flood  can  be  obtained  from  the 
NWS  publication  "Rainfall  Frequency  Atlas  of  the  United  States,"  Technical 
Paper  No.  AO;  Atlas  2,  "Precipitation  Frequency  Atlas  of  Western  United 
States;"  or  other  NWS  publications.  The  maximum  water  surface  elevation 
and  spillway  design  flood  outflow  are  then  determined  by  routing  the  Inflow 
hydrograph  through  the  reservoir  surcharge  storage,  assuming  a  starting 
water  surface  at  the  bottom  of  surcharge  storage,  or  lower  when  appropriate. 
For  projects  where  the  bottom  of  surcharge  space  la  not  distinct,  or  the 
flood  control  storage  space  (exclusive  of  surcharge)  Is  appreciable.  It 
may  be  appropriate  to  select  starting  water  surface  elevations  below  the 
top  of  the  flood  control  storage  for  routings.  Conservatively  high 
starting  levels  should  be  estimated  on  the  basis  of  hydrometeorological 
conditions  reasonably  characteristic  for  the  region  and  flood  release 
capability  of  the  project.  Necessary  adjustment  of  reservoir  storage 
capacity  due  to  existing  or  future  sediment  or  other  encroachment  may  be 
approximated  when  accurate  determination  of  deposition  Is  not  prsctlcable. 

A. 3. 3.  Acceptable  Procedures.  Techniques  for  performing  hydraulic  and 
hydrologic  analyses  are  generally  available  from  publications  prepared  by 
Federal  agencies  Involved  In  water  resources  development  or  textbooks 
written  by  the  academic  community.  Some  of  these  procedures  are  rather 
sophisticated  and  require  expensive  computational  equipment  and  large  data 
banks.  While  results  of  such  procedures  are  generally  more  reliable  than 
simplified  methods,  their  use  Is  generally  not  warranted  In  studies  con¬ 
nected  with  this  program  unless  they  can  be  performed  quickly  and  Inexpen¬ 
sively.  There  may  be  situations  where  the  more  complex  techniques  have 
to  be  employed  to  obtain  reliable  results;  however,  these  cases  will  be 
exceptions  rather  than  the  rule.  Whenever  the  acceptability  of  procedures 
Is  In  question,  the  advice  of  competent  experts  should  be  sought.  Such 
expertise  Is  generally  available  in  the  Corps  of  Engineers,  Bureau  of 
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Reclamation  and  Soil  Conservation  Service.  Many  other  agencies,  educa¬ 
tional  facilities  and  private  consultants  can  also  provide  expert  advice. 
Regardless  of  where  such  expertise  is  based,  the  qualification  of  those 
individuals  offering  to  provide  it  should  be  carefully  examined  and 
evaluated . 

4.3.4.  Freeboard  Allowances.  Guidelines  on  specific  minimum  freeboard 
allowances  are  not  considered  appropriate  because  of  the  many  factors 
involved  in  such  determinations.  The  investigator  will  have  to  assess 
the  critical  parameters  for  each  project  and  develop  its  minimum  require¬ 
ment.  Many  projects  are  reasonably  safe  without  freeboard  allowance 
because  they  are  designed  for  overtopping,  or  other  factors  minimize 
possible  overtopping.  Conversely,  freeboard  allowances  of  several  feet 
may  be  necessary  to  provide  a  safe  condition.  Parameters  that  should  be 
considered  include  the  duration  of  high  water  levels  in  the  reservoir 
during  the  design  flood;  the  effective  wind  fetch  and  reservoir  depth 
available  to  support  wave  generation;  the  probability  of  high  wind  speed 
occurring  from  a  critical  direction;  the  potential  wave  runup  on  the  dam 
based  on  roughness  and  slope;  and  the  ability  of  the  dam  to  resist 
erosion  from  overtopping  waves. 

4.4.  Stability  Investigations.  The  Phase  II  stability  investigations 
should  be  compatible  with  the  guidelines  of  this  paragraph. 

4.4.1.  Foundation  and  Material  Investigations.  The  scope  of  the  foundation 
and  materials  investigation  should  be  limited  to  obtaining  the  information 
required  to  analyze  the  structural  stability  and  to  investigate  any 
suspected  condition  which  would  adversely  affect  the  safety  of  the  dam. 

Such  investigations  may  include  borings  to  obtain  concrete,  embankment, 
soil  foundation,  and  bedrock  samples;  testing  specimens  from  these  samples 
to  determine  the  strength  and  elastic  parameters  of  the  materials,  Including 
the  soft  seams,  joints,  fault  gouge  and  expansive  clays  or  other  critical 
materials  in  the  foundation;  determining  the  character  of  the  bedrock 
Including  joints,  bedding  planes,  fractures,  faults,  voids  and  caverns, 

and  other  geological  irregularities;  and  installing  instruments  for 
determining  movements,  strains,  suspected  excessive  internal  seepage 
pressures,  seepage  gradients  and  uplift  forces.  Special  investigations 
may  be  necessary  where  suspect  rock  types  such  as  limestone,  gypsum, 
salt,  basalt,  claystone,  shales  or  others  are  involved  in  foundations  or 
abutments  in  order  to  determine  the  extent  of  cavities,  piping  or  other 
deficiencies  in  the  rock  foundation.  A  concrete  core  drilling  program 
should  be  undertaken  only  when  the  existence  of  significant  structural 
cracks  is  suspected  or  the  general  qualitative  condition  of  the  concrete 
is  in  doubt.  The  tests  of  materials  will  be  necessary  only  where  such 
data  are  lacking  or  are  outdated. 

4.4.2.  Stability  Assessment.  Stability  assessments  should  utilize  in 
situ  properties  of  the  structure  and  its  foundation  and  pertinent  geologic 
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information.  Geologic  information  that  should  be  considered  includes 
groundwater  and  seepage  conditions;  lithology,  stratigraphy,  and  geologic 
details  disclosed  by  borings,  "as-built"  records,  and  geologic  interpre¬ 
tation;  maximum  past  overburden  at  site  as  deduced  from  geologic  evidence; 
bedding,  folding  and  faulting:  joints  and  Joint  systems;  weathering; 
slickensides,  and  field  evidence  relating  to  slides,  faults,  movements 
and  earthquake  activity.  Foundations  may  present  problems  where  they 
contain  adversely  oriented  joints,  slickensides  or  fissured  material, 
faults,  seams  of  soft  materials,  or  weak  layers.  Such  defects  and  excess 
pore  water  pressures  may  contribute  to  instability.  Special  tests  may 
be  necessary  to  determine  physical  properties  of  particular  materials. 

The  results  of  stability  analyses  afford  a  means  of  evaluating  the 
structure's  existing  resistance  to  failure  and  also  the  effects  of  any 
proposed  modifications.  Results  of  stability  analyses  should  be  reviewed 
for  compatibility  with  performance  experience  when  possible. 

4. 4. 2.1.  Seismic  Stability.  The  inertial  forces  for  use  in  the  conven¬ 
tional  equivalent  static  force  method  of  analysis  should  be  obtained  by 
multiplying  the  weight  by  the  seismic  coefficient  and  should  be  applied 
as  a  horizontal  force  at  the  center  of  gravity  of  the  section  or  element. 
The  seismic  coefficients  suggested  for  use  with  such  analyses  are  listed 
in  Figures  1  through  4.  Seismic  stability  investigations  for  all  high 
hazard  category  dams  located  in  Seismic  Zone  4  and  high  hazard  dams  of 
the  hydraulic  fill  type  in  Zone  3  should  include  suitable  dynamic  pro¬ 
cedures  and  analyses.  Dynamic  analyses  for  other  dams  and  higher  seismic 
coefficients  are  appropriate  if  in  the  judgment  of  the  investigating 
engineer  they  are  warranted  because  of  proximity  to  active  faults  or 
other  reasons.  Seismic  stability  investigations  should  utilize  "state- 
of-the-art"  procedures  Involving  selsmologlcal  and  geological  studies  to 
establish  earthquake  parameters  for  use  in  dynamic  stability  analyses 
and,  where  appropriate,  the  dynamic  testing  of  materials.  Stability 
analyses  may  be  based  upon  either  time-history  or  response  spectra  tech¬ 
niques.  The  results  of  dynamic  analyses  should  be  assessed  on  the  basis 
of  whether  or  not  the  dam  would  have  sufficient  residual  Integrity  to 
retain  the  reservoir  during  and  after  the  greatest  or  most  adverse 
earthquake  which  might  occur  near  the  project  location. 

4. 4. 2. 2.  Clay  Shale  Foundation.  Clay  shale  is  a  highly  overconsolidated 
sedimentary  rock  comprised  predominantly  of  clay  minerals,  with  little 

or  no  cementation.  Foundations  of  clay  shales  require  special  measures 
in  stability  investigations.  Clay  shales,  particularly  those  containing 
montmorillonite,  may  be  highly  susceptible  to  expansion  and  consequent 
loss  of  strength  upon  unloading.  The  shear  strength  and  the  resistance 
to  deformation  of  clay  shales  may  be  quite  low  and  high  pore  water  pres¬ 
sures  may  develop  under  increase  In  load.  The  presence  of  slickensides 
in  clay  shales  is  usually  an  indication  of  low  shear  stength.  Prediction 
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of  field  behavior  of  clay  shales  should  not  be  based  solely  on  results  of 
conventional  laboratory  tests  since  they  may  be  misleading.  The  use  of 
peak  shear  strengths  for  clay  shales  In  stability  analyses  may  be  uncon¬ 
servative  because  of  nonuniform  stress  distribution  and  possible  progres¬ 
sive  failures.  Thus  the  available  shear  resistance  may  be  less  than  If 
the  peak  shear  strength  were  mobilized  simultaneously  along  the  entire 
failure  surface.  In  such  cases,  either  greater  safety  factors  or  residual 
shear  strength  should  be  used. 

4.4.3.  Embankment  Dams. 

4. 4. 3.1.  Liquefaction.  The  phenomenon  of  liquefaction  of  loose, 
saturated  sands  and  silts  may  occur  when  such  materials  are  subjected 
to  shear  deformation  or  earthquake  shocks.  The  possibility  of  lique¬ 
faction  must  presently  be  evaluated  on  the  basis  of  empirical  knowledge 
supplemented  by  special  laboratory  tests  and  engineering  judgment.  The 
possibility  of  liquefaction  in  sands  diminishes  as  the  relative  density 
increases  above  approximately  70  percent.  Hydraulic  fill  dams  In 
Seismic  Zones  3  and  4  should  receive  particular  attention  since  such 
dams  are  susceptible  to  liquefaction  under  earthquake  shocks. 

4. 4. 3. 2.  Shear  Failure.  Shear  failure  is  one  in  which  a  portion  of  an 
embankment  or  of  an  embankment  and  foundation  moves  by  sliding  or  rotating 
relative  to  the  remainder  of  the  mass.  It  is  conventionally  represented 
as  occurring  along  a  surface  and  is  so  assumed  in  stability  analyses, 
although  shearing  may  occur  In  a  zone  of  substantial  thickness.  The 
circular  arc  or  Che  sliding  wedge  method  of  analyzing  stability,  as  per¬ 
tinent,  should  be  used.  The  circular  arc  method  is  generally  applicable 
to  essentially  homogeneous  embankments  and  to  soil  foundations  consisting 
of  thick  deposits  of  fine-grained  soil  containing  no  layers  significantly 
weaker  than  ocher  strata  in  the  foundation.  The  wedge  method  is  generally 
applicable  to  rockfill  dams  and  to  earth  dams  on  foundations  containing 
weak  layers.  Other  methods  of  analysis  such  as  those  employing  complex 
shear  surfaces  may  be  appropriate  depending  on  the  soil  and  rock  in  the 
dam  and  foundation.  Such  methods  should  be  in  reputable  usage  in  the 
engineering  profession. 

4. 4. 3. 3.  Loading  Conditions.  The  loading  conditions'  for  which  the  embank¬ 
ment  structures  should  be  Investigated  are  (I)  Sudden  drawdown  from  spill¬ 
way  crest  elevation  or  top  of  gates,  (II)  Partial  pool,  (III)  Steady 
state  seepage  from  spillway  crest  elevation  or  top  of  gate  elevation, 

and  (IV)  Earthquake.  Cases  I  and  II  apply  to  upstream  slopes  only; 

Case  III  applies  to  downstream  slopes;  and  Case  IV  applies  to  both  up¬ 
stream  and  downstream  slopes.  A  sunmary  of  suggested  strengths  and 
safety  factors  are  shown  in  Table  4. 
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FACTORS  OF  SAFETY  / 


Loading 

Factor  of 

Shear 

Case 

Condition 

_ 

Strength 

Remarks 

I 

Sudden  drawdown 
from  spillway  crest 
or  top  of  gates  to 
minimum  drawdown 
elevation. 

1.2* 

Minimum  com¬ 
posite  of  R 
and  S  shear 
strengths 

See  Figure 

5. 

Within  the  drawdown 
zone  submerged  unit 
weights  of  materials 
are  used  for  computing 
forces  resisting  slid¬ 
ing  and  saturated 
unit  weights  are  used 
for  computing  forces 
contributing  to  slid¬ 
ing. 

11 

Partial  pool  with 
assumed  horizontal 
steady  seepage 
saturation. 

1.5 

R-f S  for  R  ^  S 

2 

S  for  R  ^  S 

Composite  intermediate 
envelope  of  R  and  S 
shear  strengths.  See 
Figure  6. 

III 

Steady  seepage 
from  spillway  crest 
or  top  of  gates  with 
Kh/Ky  •  9  assumed** 

1.5 

Same  as 

Case  II 

IV 

Earthquake  (Cases  II 
and  III  with  seismic 
loading) 

1.0 

*★* 

See  Figures  1  through 

4  for  Seismic  Coeffi¬ 
cients  . 

/  Not  applicable  to  embankments  on  clay  shale  foundation.  Experience 
has  indicated  special  problems  in  determination  of  design  shear 
strengths  for  clay  shale  foundations  and  acceptable  safety  factors 
should  be  compatible  with  the  confidence  level  in  shear  strength 
assumptions . 

//  Other  strength  assumptions  may  be  used  if  in  common  usage  in  the 
engineering  profession. 

*  The  safety  factor  should  not  be  less  than  1.5  when  drawdown  rate  and 
pore  water  pressure  developed  from  flow  nets  are  used  in  stability 
analyses . 

**  is  the  ratio  of  horizontal  to  vertical  permeability.  A 

minimum  of  9  is  suggested  for  use  in  compacted  embankments  and 
alluvial  sediments. 
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***  Use  shear  strength  for  case  analyzed  without  earthquake.  It  Is  not 
necessary  to  analyze  sudden  drawdown  for  earthquake  loading.  Shear 
strength  tests  are  classified  according  to  the  controlled  drainage 
conditions  maintained  during  the  test.  R  tests  are  those  in  which 
specimen  drainage  Is  allowed  during  consolidation  (or  swelling) 
under  initial  stress  conditions,  but  specimen  drainage  Is  not  allowed 
during  application  of  shearing  stresses.  S  tests  allow  full  drain¬ 
age  during  Initial  stress  application  and  shearing  Is  at  a  slow  rate 
so  that  complete  specimen  drainage  Is  permitted  during  the  complete 
test. 


4.4. 3.4.  Safety  Factors.  Safety  factors  for  embankment  dam  stability 
studies  should  be  based  on  the  ratio  of  available  shear  strength  to 
developed  shear  strength,  S^; 


’D  "  C  +  ^  tan  ^ 
F.S.  F.S. 


C  ■  cohesion 

6  *  angle  of  Internal  friction 
(f  «  normal  stress 

The  factors  of  safety  listed  in  Table  4  are  recommended  as  minimum  accept¬ 
able.  Final  accepted  factors  of  safety  should  depend  upon  the  degree  of 
confidence  the  Investigating  engineer  has  In  the  engineering  data  avail¬ 
able  to  him.  The  consequences  of  a  failure  with  respect  to  human  life 
and  property  damage  are  Important  considerations  In  establishing  factors 
of  safety  for  specific  investigations. 

4.4. 3. 5.  Seepage  Failure.  A  critical  uncontrolled  underseepage  or 
through  seepage  condition  that  develops  during  a  rising  pool  can  quickly 
reduce  a  structure  which  was  stable  under  previous  conditions,  to  a  total 
structural  failure.  The  visually  confirmed  seepage  conditions  to  be 
avoided  are  (1)  the  exit  of  the  phreatic  surface  on  the  downstream  slope 
of  the  dam  and  (2)  development  of  hydrostatic  heads  sufficient  to  create 
In  the  area  downstream  of  the  dam  sand  bolls  that  erode  materials  by  the 
phenomenon  known  as  "piping”  and  (3)  localized  concentrations  of  seepage 
along  conduits  or  through  pervious  zones.  The  dams  most  susceptible  to 
seepage  problems  are  those  built  of  or  on  pervious  materials  of  uniform 
fine  particle  size,  with  no  provisions  for  an  Internal  drainage  zone 
and/or  no  underseepage  controls. 
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4. 4. 3. 6.  Seepage  Analyaes.  Review  and  modifications  to  original 
seepage  design  analyses  should  consider  conditions  observed  in  the 
field  inspection  and  piezometer  instrumentation.  A  seepage  analysis 
should  consider  the  permeability  ratios  resulting  from  natural  deposi 
tion  and  from  compaction  placement  of  materials  with  appropriate 
variation  between  horizontal  and  vertical  permeability.  An  under- 
seepage  analyala  of  the  embankment  should  provide  a  critical  gradient 
factor  of  safety  for  the  maximum  head  condition  of  not  less  than  1.5 
in  the  area  downstream  of  the  embankment. 


F.S  -  lg/1  -  Hg/D^  •  (Tn  -Yw)  (2) 

h7d7  hYw 

Ig  -  Critical  gradient 

1  -  Design  gradient 

K  ■  Uplift  head  at  downstream  toe  of  dam  measured  above 
tailwater 


He  -  The  critical  uplift 


D^j  ■  The  thickness  of  the  top  impervious  blanket  at  the 
downstream  toe  of  the  dam 

■  The  estimated  saturated  unit  weight  of  the  material  in  the 
top  Impervious  blanket 

Y/  ■  The  unit  weight  of  water 


Where  a  factor  of  safety  less  than  1.5  is  obtained  the  provision  of  an 
underseepage  control  system  is  indicated.  The  factor  of  safety  of  1.5 
is  a  recommended  minimum  end  may  be  adjusted  by  the  responsible  engineer 
based  on  the  competence  of  the  engineering  data. 

4.4.4.  Concrete  Dams  and  Appurtenant  Structures . 

4. 4. 4.1.  Requirements  for  Stability.  Concrete  dams  and  structures 
appurtenant  to  embankment  dams  should  be  capable  of  resisting  over¬ 
turning,  sliding  and  overstressing  with  adequate  factors  of  safety  for 
normal  and  maximum  loading  conditions. 
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4. 4. 4. 2.  Loads .  Loadings  to  be  considered  in  stability  analyses  Include 
the  water  load  on  the  upstream  face  of  Che  dam;  Che  weight  of  the  struc¬ 
ture;  internal  hydrostatic  pressures  (uplift)  within  the  body  of  the 
dam,  at  the  base  of  the  dam  and  within  the  foundation;  earth  and  silt 
loads;  ice  pressure,  seismic  and  thermal  loads,  and  other  loads  as 
applicable.  Where  tallwater  or  backwater  exists  on  the  downstream  side 
of  the  structure  it  should  be  considered,  and  assumed  uplift  pressures 
should  be  compatible  with  drainage  provisions  and  uplift  measurements  if 
available.  Where  applicable,  ice  pressure  should  be  applied  to  the 
contact  surface  of  the  structure  at  normal  pool  elevation.  A  unit  pres 
sure  of  not  more  than  5,000  pounds  per  square  foot  should  be  used. 

Normally,  ice  thickness  should  not  be  assumed  greater  than  two  feet. 
Earthquake  forces  should  consist  of  the  Inertial  forces  due  to  the 
horizontal  acceleration  of  the  dam  itself  and  hydrodynamic  forces 
resulting  from  Che  reaction  of  the  reservoir  water  against  the  structure. 
Dynamic  water  pressures  for  use  in  conventional  methods  of  analysis  may 
be  computed  by  means  of  the  "Westergaard  Formula"  using  the  parabolic 
approximation  (H.M.  Westergaard,  "Water  Pressures  on  Dams  During  Earth¬ 
quakes,"  Trans.,  ASCE,  Vol  98,  1933,  pages  418-433),  or  similar  method. 

4.4.4. 3.  S  tresses .  The  analysis  of  concrete  stresses  should  be  based  on 
in  situ  properties  of  the  concrete  and  foundation.  Computed  maximum  com¬ 
pressive  stresses  for  normal  operating  conditions  in  the  order  of  1/3 

or  less  of  in  situ  strengths  should  be  satisfactory.  Tensile  stresses 
in  unreinforced  concrete  should  be  acceptable  only  in  locations  where 
cracks  will  not  adversely  affect  the  overall  performance  and  stability 
of  the  structure.  Foundation  stresses  should  be  such  as  to  provide 
adequate  safety  against  failure  of  the  foundation  material  under  all 
loading  conditions, 

4. 4. 4. 4.  Overturning.  A  gravity  structure  should  be  capable  of  resisting 
all  overturning  forces.  It  can  be  considered  safe  against  overturning 

if  the  resultant  of  all  combinations  of  horizontal  and  vertical  forces, 
excluding  earthquake  forces,  acting  above  any  horizontal  plane  through 
the  structure  or  at  its  base  is  located  within  the  middle  third  of  the 
section.  When  earthquake  is  Included  the  resultant  should  fall  within 
the  limits  of  the  plane  or  base,  and  foundation  pressures  must  be  accept¬ 
able.  When  these  requirements  for  location  of  the  resultant  are  not 
satisfied  the  investigating  engineer  should  assess  the  Importance  to 
stability  of  the  deviations. 

4. 4. 4. 5.  Sliding.  Sliding  of  concrete  gravity  structures  and  of  abutment 
and  foundation  rock  masses  for  all  types  of  concrete  dams  should  be  evaluated, 
by  the  shear-friction  resistance  concept.  The  available  sliding  resis¬ 
tance  is  compared  with  the  driving  force  which  tends  to  induce  sliding 

to  arrive  at  a  sliding  stability  safety  factor.  The  investigation  should 
be  made  along  all  potential  sliding  paths.  The  critical  path  is  that 
plane  or  combination  of  planes  which  offers  the  least  resistance. 
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4.4.4. 5.1.  Sliding  Reeltfnce.  Sliding  resistance  Is  a  function  of 
the  unit  sheering  strength  et  no  normal  load  (cohesion)  and  the  angle 
of  friction  on  a  potential  failure  surface.  It  Is  determined  by 
computing  the  maximum  horlxontal  driving  force  which  could  be  resisted 
along  the  sliding  path  under  Investigation.  The  following  general 
formula  Is  obtained  from  the  principles  of  statics  and  may  be 
derived  by  resolving  forces  parallel  and  perpendicular  to  the  sliding 
plane; 

Ro  ■  Vtan(^+o^)+ - - j.--,  — -  (3) 

cos  el  (1  -  tan  d  tanot.  ) 

where 

Rj^  -  Sliding  Resistance  (maximum  horizontal  driving  force  which  can 
be  resisted  by  the  critical  path) 

i  •  Angle  of  Internal  friction  of  foundation  material  or,  where 
applicable,  angle  of  sliding  friction 

V  >  Suimnatlon  of  vertical  forces  (Including  uplift) 

c  •  Unit  shearing  strength  at  zero  normal  loading  along  potential 
failure  plane 

A  ■  Area  of  potential  failure  plane  developing  unit  shear  strength 
"c" 

ci  ~  Angle  between  Inclined  plane  and  horizontal  (positive  for  uphill 
sliding) 


For  sliding  downhill  the  angle  OC  Is  negative  and  Equation  (1)  becomes: 


^R 


V  tan  (^  -  o*  )  + 


_ cA _ _ 

coso^  (1  +  tan  d  tanp*  ) 


(4) 


When  the  plane  of  Investigation  Is  horizontal,  and  the  angle  o<  Is  zero 
and  Equation  (1)  reduced  to  the  folloi^lng; 


Rjj  -  V  tan  6  +  cA 


(5) 
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4. 4. 4. 5. 2.  Downstream  Resistance.  When  the  base  of  a  concrete  structure 
is  embedded  In  rock  or  the  potential  failure  plane  lies  below  the  base, 
the  passive  resistance  of  the  downstream  layer  of  rock  may  sometimes  be 
utilized  for  sliding  resistance.  Rock  that  may  be  subjected  to  high 
velocity  water  scouring  should  not  be  used.  The  magnitude  of  the 
downstream  resistance  is  the  lesser  of  (a)  the  shearing  resistance 
along  the  continuation  of  the  potential  sliding  plane  until  it  daylights 
or  (b)  the  resistance  available  from  the  downstream  rock  wedge  along  an 
Inclined  plane.  The  theoretical  resistance  offered  by  the  passive  wedge 
can  be  computed  by  a  formula  equivalent  to  formula  (3); 


P 


P 


W  tan  (^  +  o<  )  + 


_ cA _ _ 

cosoi  (1  -  tan  i  tano< 


(6) 


Fp  -  passive  resistance  of  rock  wedge 

W  B  weight  (buoyant  weight  if  applicable)  of  downstream  rock  wedge 
above  inclined  plane  of  resistance,  plus  any  superimposed  loads 

i  B  angle  of  Internal  friction  or.  If  applicable,  angle  of  sliding 
friction 

B  angle  between  inclined  failure  plane  and  horizontal 

c  B  unit  shearing  strength  at  zero  normal  load  along  failure 
plane 

A  o  area  of  inclined  plane  of  resistance 


When  considering  cross-bed  shear  through  a  relatively  shallow,  competent 
rock  strut,  without  adverse  jointing  or  faulting,  W  and^  may  be  taken 
at  zero  and  45*^,  respectively,  and  an  estimate  of  passive  wedge  resis¬ 
tance  per  unit  width  obtained  by  the  following  equation; 


Pp  B  2  CD 


(7) 


where 

D  B  Thickness  of  the  rock  strut 


4. 4. 4. 5. 3.  Safety  Factor.  The  shear-friction  safety  factor  is  obtained 
by  dividing  the  resistance  by  H,  the  summation  of  horizontal  service 
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loads  to  be  applied  to  the  structure: 


Ss-f  ■  Rj^  (8) 

IT 

When  the  downstream  passive  wedge  contributes  to  the  sliding  resistance, 
the  shear  fructlon  safety  factor  formula  becomes: 


®s-f  "  ^R 

H 


(9) 


The  above  direct  superimposition  of  passive  wedge  resistance  is  valid 
only  if  shearing  rigidities  of  the  foundation  components  are  similar. 
Also,  the  compressive  strength  and  buckling  resistance  of  the  downstream 
rock  layer  must  be  sufficient  to  develop  the  wedge  resistance.  For 
example,  a  foundation  with  closely  spaced,  near  horizontal,  relatively 
weak  seams  might  not  contain  sufficient  buckling  strength  to  develop 
the  magnitude  of  wedge  resistance  computed  from  the  cross-bed  shear 
atrength.  In  this  case  wedge  resistance  should  not  be  assumed  without 
resorting  to  special  treatment  (such  as  Installing  foundation  anchors) . 
Computed  sliding  safety  factors  approximating  3  or  more  for  all  loading 
conditions  without  earthquake,  and  1.5  Including  earthquake,  should 
indicate  satisfactory  stability,  depending  upon  the  reliability  of  the 
strength  parameters  used  in  the  analyses.  In  some  cases  when  the  results 
of  comprehensive  foundation  studies  are  available,  smaller  safety  factors 
may  be  acceptable.  The  selection  of  shear  strength  parameters  should 
be  fully  substantiated.  The  bases  for  any  assumptions;  the  results  of 
applicable  testing,  studies  and  investigations;  and  all  pre-existing, 
pertinent  data  should  be  reported  and  evaluated. 


D-26 


CHAPTER  5  -  REPORTS 


ER  1110-2-106 
26  Sept  79 


5.1.  General .  This  chapter  outlines  the  procedures  for  reporting  the 
results  of  the  technical  investigations.  Hazardous  conditions  should  be 
reported  immediately  upon  detection  to  the  owner  of  the  dam,  the  Governor 
of  the  State  in  which  the  dam  is  located  and  the  appropriate  regulatory 
agency  without  delay  for  preparation  of  the  formal  report. 

5.2.  Preparation  of  Report.  A  formal  report  should  be  prepared  for  each 
dam  investigated  for  submission  to  the  regulatory  agency  and  the  owner 

of  the  dam.  Each  report  ahotild  contain  the  information  indicated  in  the 
following  paragraphs.  The  signature  and  registration  identification 
of  the  professional  engineer  who  directed  the  Investigation  and  who  was 
responsible  for  evaluation  of  the  dam  should  be  included  in  the  report. 

5.2.1.  Phase  I  Reports.  Phase  I  reports  should  contain  the  following 
Information; 

5. 2. 1.1.  Description  of  dam  including  regional  vicinity  map  showing 
location  and  plans,  elevations  and  sections  showing  the  essential  project 
features  and  the  size  and  hazard  potential  classifications. 

5. 2. 1.2.  Summary  of  existing  engineering  data,  including  geologic  maps 
and  information. 

5. 2. 1.3.  Results  of  the  visual  inspection  of  each  project  feature 
Including  photographs  and  drawings  to  minimize  descriptions. 

5. 2. 1.4.  Evaluation  of  operational  adequacy  of  the  reservoir  regulation 
plan  and  maintenance  of  the  dam  and  operating  facilities  and  features 
that  pertain  to  the  safety  of  the  dam. 

5. 2. 1.5.  Description  of  any  warning  system  in  effect. 

5. 2. 1.6.  Evaluation  of  the  hydraulic  and  hydrologic  assumptions  and 
structural  stability. 

5. 2. 1.7.  An  assessment  of  the  general  condition  of  the  dam  with  respect 
to  safety  based  upon  the  findings  of  the  visual  inspection  and  review  of 
engineering  data.  Where  data  on  the  original  design  indicate  significant 
departure  from  or  non-conformance  with  guidelines  contained  herein,  the 
engineer-in-charge  of  the  investigation  will  give  his  opinion  of  the 
significance,  with  regard  to  safety,  of  such  factors.  Any  additional 
studies,  investigations  and  analyses  considered  essential  to  assessment 
of  the  safety  of  the  dam  should  be  listed,  together  with  an  opinion 
about  the  urgency  of  such  additional  work. 
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5. 2. 1.8.  Indicate  alternative  possible  remedial  measures  or  revisions  In 
operating  and  m/iintenance  procedures  which  may  (subject  to  further 
evaluation)  correct  deficiencies  and  hazardous  conditions  found  during 
the  investigation. 

5.2.2.  Phase  II  Reports.  Phase  II  reports  should  describe  the  detailed 
investigations  and  should  supplement  Phase  I  reports.  They  should  contain 
the  following  Information:. 

5. 2. 2.1.  Summary  of  additional  engineering  data  obtained  to  determine 
the  hydraulic  and  hydrologic  capabilities  and/or  structural  stability. 

5. 2. 2. 2.  Results  of  all  additional  studies,  investigations,  and  analyses 
performed. 

5. 2. 2. 3.  Technical  assessment  of  dam  safety  including  deficiencies  and 
hazardous  conditions  found  to  exist. 

5. 2. 2. 4.  Indicate  alternative  possible  remedial  measures  or  revision 
in  maintenance  and  operating  procedures  which  may  (subject  to  further 
evcluatlor,)  correct  deficiencies  and  hazardous  conditions  found  during 
the  invest. I  gat Ion. 
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Figure  6 


SHEAR  ENVELOPE  FOR  CASES  II  AND  III 
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APPENDIX  I 


ENGINEERING  DATA 


Thle  appendix  llata  engineering  date  which  ehould  be  collected  from  pro¬ 
ject  records  end,  to  the  extent  available,  included  in  the  Phase  I 
investigation  report.  The  llet  is  intended  to  serve  as  a  checklist  end 
not  to  establish  rigid  date  requirements.  Such  a  compilation  should 
also  feellitete  future  inspections  end  investigations.  Only  date  readily 
available  will  be  included  in  Phase  I  reports,  but  date  lacking  and 
deemed  necessary  for  an  adequate  safety  evaluation  should  be  identified. 

1.  General  Project  Date 

a.  Regional  Vicinity  Map  ahowing  the  location  of  the  dam,  the  upstream 
drainage  area  and  the  downatraam  area  aubjact  to  potential  damage  due  to 
failure  of  the  dam  and  misoparation  or  failure  of  the  operating  equipment. 

b.  As -Bui It  Drawings  Indicating  plans,  elevations  and  sections  of  the 
dam  and  appurtenant  structures  Including  the  details  of  the  dlschsrge 
facilities  such  as  outlet  works,  limited  service  and  emergency  spillways, 
flashboards,  fuse  plugs  and  operating  equipment. 

2.  Hydrologic  and  Hydraulic  Data  including  the  following: 

a.  Drainage  area  and  basin  runoff  characteristics  (indicating  pending 
changes) . 

b.  Elevation  of  top  of  conservation  pool  or  normal  upper  retention 
water  surface  elavLtion,  as  applicable  (base  level  of  any  flood  impound¬ 
ment)  . 


c.  Storage  capacity  ineltiding  dead  or  inactive  storage,  correspond¬ 
ing  to  top  of  conservation  or  normal  upper  retention  level  (cumulative, 
excluding  flood  control  and  surcharge  storage). 

d.  Elevation  of  the  top  of  flood  control  pool. 

e.  Storage  capacity  of  flood  control  cone  (Incremental). 

f.  Elevation  of  maximum  design  pool  (corresponding  to  top  of 
surcharge  storage  or  spillway  design  flood). 

g.  Storage  capacity  of  surcharge  cone  (incremental,  above  top  of 
flood  control  pool  or,  above  normal  upper  retention  level  if  flood  control 
space  not  provided) . 


ER  1110-2-106 
26  Sept  79 

h.  Height  of  freeboard  (distance  between  maximum  design  flood  water 
surface  and  top  of  dam) . 

i.  Elevation  of  top  of  dam  (lowest  point  of  embankment  or  non-overflow 
structure) . 

j.  Elevation  of  crest,  type,  width,  crest  length  and  location  of 
spillways  (number,  size  and  type  of  gates  if  controlled). 

k.  Type,  location,  entrance  and  exit  inverts  of  outlet  works  and  emer¬ 
gency  drawdown  facilities  (number,  size  and  shape  of  conduits  and  gates, 
Including  penstocks  and  sluices). 

l.  Location,  crest  elevation,  description  of  invert  and  abutments 
(concrete,  rock,  grass,  earth)  and  length  of  limited  service  and  emergency 
spillways . 

m.  Location  and  description  of  flashboards  and  fuse  plugs,  including 
hydraulic  head  (pool  elevation)  and  other  conditions  required  for  breaching, 
along  with  the  assumed  results  of  breaching. 

n.  Location  and  top  elevation  of  dikes  and  floodwalls  (overflow  and 
non-overflow)  affected  by  reservoir.  Include  information  on  low  reaches 
of  reservoir  rim. 

o.  Type,  location,  observations  and  records  of  hydrometeorological 
gages  appurtenant  to  the  project. 

p.  Maximum  non-damaging  discharge,  or  negligible  damage  rate,  at 
potential  damage  locations  downstream. 

3.  Foundation  Data  and  Geological  Features  Including  logs  of  borings, 
geological  maps,  profiles  and  cross  sections,  and  reports  of  foundation 
treatment . 

4.  Properties  of  Embankments  and  Foundation  Materials  Including 
results  of  laboratory  tests,  field  permeability  tests,  construction  con¬ 
trol  tests,  and  assumed  design  properties  for  materials. 

5.  Concrete  Properties  including  the  source  and  type  of  aggregate, 
cement  used,  mix  design  data  and  the  results  of  testing  during  construc¬ 
tion. 


6.  Electrical  and  Mechanical  Equipment  type  and  rating  of  normal 
and  emergency  power  supplies,  hoists,  cranes,  valves  and  valve  operator, 
control  and  alarm  systems  and  other  electrical  and  mechanical  equipment 
and  systems  that  could  affect  the  safe  operation  of  the  dam. 
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7.  Construction  History  Including  diversion  scheme,  construction 
sequence,  pertinent  construction  problems,  elteratlons,  modifications 
and  maintenance  repairs. 

8.  Water  Control  Plan  Including  regulation  plan  under  normal  condi¬ 
tions  and  during  flood  events  or  other  emergency  conditions.  The  avail¬ 
ability  of  dam  tenders,  means  of  communication  between  dam  tenders  and 
authority  supervising  water  control,  and  method  of  gate  operation  (manual, 
automatic,  or  remote  control)  should  be  Included.  Flood  warning  systems 
should  be  described  In  sufficient  detail  to  enable  assessment  of  their 
reduction  In  the  flood  hazard  potential. 

9.  Operation  Record. 

a.  Summary  of  past  major  flood  events  Including  any  experiences 
that  presented  a  serious  threat  to  the  safety  of  the  project  or  to 
human  life  or  property.  The  critical  project  feature,  date  and  duration 
of  event,  causative  factor,  peak  Inflow  and  outflow,  maximum  elevation  of 
water  surface,  wind  and  wave  factors  If  significant,  issuance  of  alert 

or  evacuation  warnings  and  adequacy  of  project  feature  involved  should  be 
included  In  the  suiranary  of  past  experience  of  serious  threat  to  the  safety 
of  the  project. 

b.  Records  of  performance  observations  Including  Instrumentation 
records . 


c.  List  of  any  known  deficiencies  that  pose  a  threat  to  the  safety 
of  the  dam  or  to  human  life  or  property. 

d.  History  of  previous  failures  or  deficiencies  and  pending  remedial 
measures  for  correcting  known  deficiencies  and  the  schedule  for  accom¬ 
plishing  remedial  measures  should  be  Indicated. 

10.  Earthquake  History  including  a  summary  of  the  seismic  data  of 
significant  recorded  earthquakes  in  the  vicinity  of  the  dam  and  Informa¬ 
tion  on  major  damage  In  the  vicinity  of  the  dam  from  both  recorded  and 
unrecorded  earthquakes.  Regional  geologic  maps  and  other  documents 
showing  fault  locations  should  be  collected. 

11.  Inspection  History  including  the  results  of  the  last  safety 
Inspection,  the  organization  that  performed  the  inspection,  the  date 
Inspection  performed  and  the  authority  for  conducting  the  inspection. 

1 2 .  Principal  Design  Assumptions  and  Analyses . 

a .  Hydrologic  and  Hydraulic  Determinations . 
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(1)  Quantity,  time  and  area  distribution,  and  reference  source  of 
depth-area-duration  data  of  spillway  design  storm  precipitation  (point 
precipitation  if  applicable). 

(2)  Maximum  design  flood  Inflow  hydrograph  including  loss  rates 
(initial  and  average  for  design  flood  conditions)  and  time  of  runoff 
concentration  of  reservoir  watershed  (peak  Inflow  only  when  applicable). 

(3)  Maximum  design  flood  outflow  hydrograph  (maximum  outflow  only 
when  applicable) . 

(4)  Discharge- frequency  relationship,  preferably  at  damsite,  including 
estimated  frequency  of  spillway  design  flood  for  small  dams,  when  appro¬ 
priate. 

(5)  Reservoir  area  and  storage  capacity  versus  water  surface  elevation 
(table  or  curves). 

(6)  Rating  curves  (free  flow  and  partial  gate  openings)  for  all 
discharge  facilities  contributing  to  the  maximum  design  flood  outflow 
hydrograph.  Also  a  composite-rating  of  all  contributing  facilities, 
if  appropriate. 

(7)  Tailwater  rating  curve  immediately  below  damsite  including 
elevation  corresponding  to  maximum  design  flood  discharge  and  approximate 
nondamaging  channel  capacity. 

(8)  Hydrologic  map  of  watershed  above  damsite  including  reservoir 
area,  watercourse,  elevation  contours',  and  principal  stream-flow  and 
precipitation  gaging  stations. 

b.  Stability  and  Stress  Analysis  of  the  dam,  spillway  and  appur¬ 
tenant  structures  and  features  Including  the  assumed  properties  of 
materials  and  all  pertinent  applied  loads. 

c.  Seepage  and  Settlement  Analyses.  The  determination  of  distri¬ 
bution,  direction  and  magnitude  of  seepage  forces  and  the  design  and 
construction  measures  for  their  control.  Settlement  estimates  and 
steps  adopted  to  compensate  for  total  settlement  and  to  minimize 
differential  settlements. 
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APPENDIX  II 


INSPECTION  ITEMS 


Thie  appendix  provides  guidance  for  performing  field  Inspectlona  and 
may  serve  aa  the  basis  for  developing  a  detailed  checklist  for  each  dam. 

1.  Concrete  Structures  In  General. 


a.  Concrete  Surfaces.  The  condition  of  the  concrete  surfaces  should 
be  examined  to  evaluate  the  deterioration  and  continuing  serviceability 
of  the  concrete.  Descriptions  of  concrete  conditions  should  conform 
with  the  appendix  to  "Guide  for  Making  a  Condition  Survey  of  Concrete 

In  Service,"  American  Concrete  Institute  (ACI)  Journal,  Proceedings 
Vol.  65,  No.  11,  November  1968,  page  905-918. 

b.  Structural  Cracking.  Concrete  structures  should  be  examined  for 
structural  cracking  resulting  from  overstress  due  to  applied  loads, 
shrinkage  and  temperature  effects  or  differential  movements. 

c.  Movement  -  Horizontal  and  Vertical  Alignment.  Concrete  structures 
should  be  examined  for  evidence  of  any  abnormal  settlements,  heaving, 
deflections,  or  lateral  movements. 

d.  Junctions.  The  conditions  at  the  junctions  of  the  structure 
with  abutments  or  embankments  should  be  determined. 

®'  Dfsins  ~  Foundation.  Joint.  Face.  All  drains  should  be  examined 
to  determine  that  they  are  capable  of  performing  their  design  function. 

f.  Water  Passages.  All  water  passages  and  other  concrete  surfaces 
subject  to  running  water  should  be  examined  for  erosion,  cavitation, 
obstructions,  leakage  or  significant  structural  cracks. 

g.  Seepage  or  Leakage.  The  faces,  abutments  and  toes  of  the  concrete 
structures  should  be  examined  for  evidence  of  seepage  or  abnormal  leakage, 
and  records  of  flow  of  downstream  springs  reviewed  for  variation  with 
reservoir  pool  level.  The  sources  of  seepage  should  be  determined  If 
possible. 

h.  Monolith  Joints  -  Construction  Joints.  All  monolith  and  construc¬ 
tion  Joints  should  be  examined  to  determine  the  condition  of  the  joint 
and  filler  material,  any  movement  of  joints,  or  any  Indication  of  distress 
or  leakage. 

1.  Foundation.  Foundation  should  be  examined  for  damage  or  possible 
undermining  of  the  downstream  toe. 


D-38 


ER  1110-2-106 
26  Sept  79 


j.  Abutments .  The  abutments  should  be  examined  for  sign  of 
Instability  or  excessive  weathering. 

2.  Embankment  Structures. 

a'.  Settlement.  The  embankments  and  downstream  toe  areas  should  be 
examined  for  any  evidence  of  localized  or  overall  settlement,  depressions 
or  sink  holes. 

b.  Slope  Stability.  Embankment  slopes  should  be  examined  for  irregu¬ 
larities  in  alignment  and  variances  from  smooth  uniform  slopes,  unusual 
changes  from  original  crest  alignment  and  elevation,  evidence  of  move¬ 
ment  at  or  beyond  the  toe,  and  surface  cracks  which  Indicate  movement. 

c.  Seepage.  The  downstream  face  of  abutments,  embankment  slopes 
and  toes,  embankment  -  structure  contacts,  and  the  downstream  valley 
areas  should  be  examined  for  evidence  of  existing  or  past  seepage. 

The  sources  of  seepage  should  be  investigated  to  determine  cause  and 
potential  severity  to  dam  safety  under  all  operating  conditions.  The 
presence  of  animal  burrows  and  tree  growth  on  slopes  which  might  cause 
detrimental  seepage  should  be  examined. 

Drainage  Systems.  All  drainage  systems  should  be  examined  to 
determine  whether  the  systems  can  freely  pass  discharge  and  that  the 
discharge  water  is  not  carrying  embankment  or  foundation  material. 

Systems  used  to  monitor  drainage  should  be  examined  to  assure  they  are 
operational  and  functioning  properly. 

e.  Slope  Protection.  The  slope  protection  should  be  examined  for 
erosion- formed  gullies  and  wave-formed  notches  and  benches  that  have 
reduced  the  embankment  cross-section  or  exposed  less  wave  resistant 
materials.  The  adequacy  of  slope  protection  against  waves,  currents, 
and  surface  runoff  that  may  occur  at  the  site  should  be  evsluated.  The 
condition  of  vegetative  cover  should  be  evaluated  where  pertinent. 

3.  Spillway  Structures.  Examination  should  be  made  of  the  structures 
and  features  including  bulkheads,  flashboards,  and  fuse  plugs  of  all  ser¬ 
vice  and  auxiliary  spillways  which  serve  as  principal  or  emergency 
spillways  for  any  condition  which  may  impose  operational  constraints 

on  the  functioning  of  the  spillway. 

a.  Control  Cates  and  Operating  Machinery.  The  structural  members, 
connections,  hoists,  cables  and  operating  machinery  and  the  adequacy  of 
normal  and  emergency  power  supplies  should  be  examined  and  tested  to 
determine  the  structural  integrity  and  verify  the  operational  adequacy 
of  the  equipment.  Where  cranes  are  Intended  to  be  used  for  handling 
gates  and  bulkheads,  the  availability,  capacity  and  condition  of  the 
cranes  and  lifting  beams  should  be  investigated.  Operation  of  control 
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systems  end  protective  and  Alarm  devices  such  as  limit  switches,  sump 
high  water  alarms  and  drainage  pumps  should  be  investigated. 

b.  Unlined  Saddle  Spillways.  Unlined  saddle  spillways  should  be 
examined  for  evidence  of  erosion  and  any  conditions  which  may  Impose 
constraints  on  the  functioning  of  the  spillway.  The  ability  of  the 
spillway  to  resist  erosion  due  to  operation  and  the  potential  hazard  to 
the  safety  of  the  dam  from  such  operation  should  be  determined. 

c.  Approach  and  Outlet  Channels.  The  approach  and  outlet  channels 
should  be  examined  for  any  conditions  which  may  Impose  constraints  on  the 
functioning  of  the  spillway  and  present  a  potential  hazard  to  the  safety 
of  the  dam. 

d.  Stilling  Basin  (Energy  Dissipators) .  Stilling  basins  including 
baffles,  flip  buckets  or  other  energy  dissipators  should  be  examined  for 
any  conditions  which  may  pose  constraints  on  the  ability  of  the  stilling 
basin  to  prevent  downstream  scour  or  erosion  which  may  create  or  present 
a  potential  hazard  to  the  safety  of  the  dam.  The  existing  condition  of 
the  channel  downstream  of  the  stilling  basin  should  be  determined. 

A.  Outlet  Works.  The  outlet  works  examination  should  include  all 
structures  and  features  designed  to  release  reservoir  water  below  the 
spillway  crest  through  or  around  the  dam. 

a.  Intake  Structure.  The  structure  and  all  features  should  be 
examined  for  any  conditions  which  may  Impose  operational  constraints 
on  the  outlet  works.  Entrances  to  intake  structure  should  be  examined 
for  conditions  such  as  silt  or  debris  accumulation  which  may  reduce 
Che  discharge  capabilities  of  the  outlet  works. 

b.  Operating  and  Emergency  Control  Gates.  The  structural  members, 
connec cions,  guides,  hoists,  cables  and  operating  machinery  Including 
the  ac'equacy  of  normal  and  emergency  power  supplies  should  be  examined 
and  tested  to  determine  the  structural  integrity  and  verify  the  opera¬ 
tional  adequacy  of  the  operating  and  emergency  gates,  valves,  bulkheads, 
and  other  equipment. 

c.  Conduits.  Sluices.  Water  Passages,  Etc.  The  Interior  surfaees 

of  conduits  should  be  examined  for  erosion,  corrosion,  csvitstion,  cracks, 
Joint  separation  and  leakage  at  cracks  or  Joints. 

d.  Stilling  Basin  (Energy  Dissipator) .  The  stilling  basin  or  other 
energy  dissipator  should  be  examined  for  conditions  which  may  Impose  any 
constraints  on  the  ability  of  the  stilling  basin  to  prevent  downstream 
scour  or  erosion  which  may  create  or  present  a  potential  hazard  to  the 
safety  of  the  dam.  The  existing  condition  of  the  channel  downstream  of 
the  stilling  basin  should  be  determined  by  soundings. 
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e.  Approach  and  Outlet  Channels.  The  approach  and  outlet  channels 
should  be  examined  for  any  conditions  which  may  Impose  constraints  on 
the  functioning  of  the  discharge  facilities  of  the  outlet  works,  or 
present  a  hazard  to  the  safety  of  the  dam. 

f.  Drawdown  Facilities.  Facilities  provided  for  drawdown  of  the 
reservoir  to  avert  impending  failure  of  the  dam  or  to  facilltiate  repairs 
ill  the  event  of  stability  or  foundation  problems  should  be  examined  for 
any  conditions  which  may  impose  constraints  on  their  functioning  as 
planned. 


5.  Safety  and  Performance  Instrumentation.  Instruments  which  have 
been  installed  to  measure  behavior  of  the  structures  should  be  examined 
for  proper  functioning.  The  available  records  and  readings  of  installed 
instruments  should  be  reviewed  to  detect  any  unusual  performance  of 
the  instruments  or  evidence  of  unusual  performance  or  distress  of  the 
structure.  The  adequacy  of  the  installed  instrumentation  to  measure 
the  performance  and  safety  of  the  dam  should  be  determined. 

a.  Headwater  and  Tailwater  Gages.  The  existing  records  of  the  head¬ 
water  and  tailwater  gages  should  be  e^^amined  to  determine  the  relationship 
between  other  instrumentation  measurements  such  as  stream  flow,  uplift 
pressures,  alignment,  and  drainage  system  discharge  with  the  upper  and 
lower  water  surface  elevations. 

b .  Horizontal  and  Vertical  Alignment  Instrumentation  (Concrete 
Structures) .  The  existing  records  of  alignment  and  elevation  surveys 
and  measurements  from  inclinometers,  inverted  plumb  bobs,  gage  points 
across  cracks  and  joints,  or  other  devices  should  be  examined  to  determine 
any  change  from  the  original  position  of  the  structures. 

c .  Horizontal  and  Vertical  Movement,  Consolidation,  and  Pore-Water 
Pressure  Instrumentation  (Embankment  Structures) .  The  existing  records 

of  measurements  from  settlement  plates  or  gages,  surface  reference  marks, 
slope  indicators  and  other  devices  suould  be  examined  to  determine  the 
movement  history  of  the  embankment.  Existing  piezometer  measurements 
should  be  examined  to  determine  if  the  pore-water  pressures  in  the 
embankment  and  foundation  would  under  given  conditions  impair  the  safety 
of  the  dam. 

d.  Uplift  Instrumentation.  The  existing  records  of  uplift  measure¬ 
ments  should  be  examined  to  determine  if  the  uplift  pressures  for  the 
maximum  pool  would  impair  the  safety  of  the  dam. 

Drainage  System  Instrumentation.  The  existing  records  of  measure¬ 
ments  of  the  drainage  system  flow  should  be  examined  to  establish  the 
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normal  ralatlonshlp  between  pool  elevations  and  discharge  quantities 
and  any  changes  that  have  occurred  In  this  relationship  during  the  history 
of  the  project. 

f.  Seismic  Instrumentation.  The  existing  records  of  seismic  instru¬ 
mentation  should  be  examined  to  determine  the  seismic  activity  In  the 
area  and  the  response  of  the  structures  to  past  earthquakes. 

6.  Reservoir.  The  following  features  of  the  reservoir  should  be 
examined  to  determine  to  what  extent  the  water  Impounded  by  the  dam  would 
constitute  a  danger  to  the  safety  of  the  dam  or  a  hazard  to  human  life 
or  property. 

a.  Shore  line.  The  land  forma  around  the  reservoir  should  be 
examined  for  Indications  of  major  active  or  Inactive  landslide  areas 
and  to  determine  susceptibility  of  bedrock  stratigraphy  to  massive 
landslides  of  sufficient  magnitude  to  significantly  reduce  reservoir 
capacity  or  create  waves  that  might  overtop  the  dam. 

b.  Sedimentation.  The  reservoir  and  drainage  area  should  be  examined 
for  excessive  sedimentation  or  recent  developments  In  the  drainage  basin 
which  could  cause  a  sudden  Increase  In  sediment  load  thereby  reducing 

the  reservoir  capacity  with  attendant  Increase  In  maximum  outflow  and 
maximum  pool  elevation. 

Potential  Upstream  Hazard  Aress.  The  reservoir  area  should  be 
examined  for  features  subject  to  potential  backwater  flooding  resulting 
In  los^  of  human  life  or  property  at  reservoir  levels  up  to  the  maximum 
water  storage  capacity  Including  any  surcharge  storage. 

d.  Watershed  Runoff  Potential.  The  drainage  basin  should  be  examined 
for  any  extensive  alterations  to  the  surface  of  the  drainage  basin  such  as 
changed  agrlc  :lture  practices,  timber  clearing,  railroad  or  highway  con¬ 
struction  or  real  estate  developments  that  might  extensively  affect  the 
runoff  characteristics.  Upstream  projects  that  could  have  Impact  on  the 
safety  of  the  dam  should  be  Identified. 

•  Downstream  Channel.  The  channel  Imnedlately  downstream  of  the  dtm 
should  be  examined  for  conditions  which  might  Impose  any  constraints  on 
rhe  operation  of  the  dam  or  present  any  hazards  to  the  safety  of  the  dam. 
Development  of  the  potential  flooded  area  downstream  of  the  dam  should  be 
assessed  for  compatibility  with  the  hazard  classification. 

8.  Operation  and  Maintenance  Features. 

a.  Reservoir  Regulation  Plan.  The  actual  practices  In  regulating  the 
reservoir  and  discharges  under  normal  and  emergency  conditions  should  be 
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Suggested  Outline 

Inspection  Report 
National  Dan  Inspection  Program 
(RCS-DAEN-CWE-17  AND  0MB  MO.  49-R0421) 


TITLE  SHEET 

Name  of  Dam 

ID  Number  from  Inventory 

State,  County  and  River  or  Stream  where  dam  is  located 
Owner 

Size  and  Hazard  Classification 
Names  of  Inspectors 
Names  of  Review  Board 

Ar:roval  Signature  of  District  Engineer 
TABLE  OF  CONTENTS 
GENERAL  ASSESSMENT 

Give  brief  assessment  of  general  condition  of  dam  with  respect  to 
safety,  including  a  listing  of  deficiencies,  and  reconunendations 
indicating  degree  of  urgency. 

1.  INTRODUCTION 

a.  Authority 

b.  Purpose  and  Scope  of  Inspection 

2.  PROJECT  INFORMATION 

a.  Site  Information 

b.  Description  of  Structures  -  Dam,  Outlet,  Spillway  and  other 
principol  features. 

c.  Purpose  of  Dam 

d.  Design,  Construction  and  Operating  Hiotory 

3.  FIELD  INSPECTION 

Briefly  describe  physical  condition  of  the  dam  and  appurtenant 
structures  as  they  were  observed  during  the  field  inspection.  (If 
field  inspection  form  is  appended,  only  present  sunsnary.) 

Describe  operational  procedures,  including  any  warning  system, 
condition  of  operating  equipment,  and  provision  for  emergency 
procedures.  Describe  any  pertinent  observations  of  the  reservoir 
area  and  downstream  channel  adjacent  to  dam. 

4.  EVALUATION 

a.  Structural  and  Geotechnical 
(1)  General 
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(2)  Embankment  and/or  Foundation  Condition 

(3)  Stability 

Briefly  discuss  pertinent  information  such  as  design, 
construction  and  operating  records.  Assess  stability  under 
maximum  loading  on  basis  of  the  record  data,  together  with 
observations  of  field  inspection  and  results  of  any 
additional,  brief  calculations  performed  by  inspectors.  If 
additional,  detailed  stability  analyses  are  considered 
necessary,  recommend  that  the  owner  engage  a  qualified 
engineer  or  firm  to  provide  the  analysis. 

b.  Hydrologic  and  Hydraulic 

(1)  Spillway  Adequacy 

Briefly  describe  pertinent  record  information  such  as 
hydrologic  and  hydraulic  design  data,  flood  of  record,  and 
previous  analyses.  Describe  any  hydraulic  and  hydrologic 
analyses  made  for  this  inspection.  Present  conclusion  with 
respect  to  adequacy  of  spillway  to  pass  the  recommended 
spillway  design  flood  without  overtopping  dam.  If  overtopping 
would  occur,  and  if  available  from  the  type  of  analysis  used, 
give  maximum  depth  over  top  of  dam  and  duration  of 
overtopping,  assuming  the  dam  does  not  fail.  Also  indicate 
the  largest  flood,  as  a  percentage  of  the  probable  maximum 
flood  which  can  be  passed  without  overtopping. 

(2)  Effects  of  Overtopping 

If  dam  is  overtopped  by  the  recommended  spillway  design  flood, 
provide  assessment  as  to  whether  or  not  dam  would  likely  fail, 
and  if,  in  case  of  failure,  the  hazard  to  loss  of  life 
downstream  of  the  dam  would  be  substantially  increased  over 
that  which  would  exist  without  failure.  If  information  upon 
which  to  base  a  reasonable  assessment  is  insufficient,  so 
state  and  describe  the  needed  data,  and  recommend  that  the 
necessary  studies  be  performed  by  engineers  engaged  by  the 
owner . 

c.  Operation  and  Maintenance 

Assess  operating  equipment  and  procedures,  emergency  power  for 
gate  operation,  and  Emergency  Action  Plan.  Assess  quality  of 
maintenance  as  it  pertains  to  dam  safety. 

5.  CONCLUSIONS 

Provide  conclusions  on  condition  of  dam  and  list  all 

deficiencies.  If  dam  is  considered  unsafe,  so  state  and  give 

reason. 
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6.  RECOHMENDATIONS 

List  ell  reconnended  ections,  including  edditionel  studies, 
installation  of  new  surveillance  procedures  and  devices, 
development  of  Eaiergency  Action  Plans,  and  remedial  work. 
Recommend  that  a  qualified  engineering  firm  be  retained  to 
accomplish  any  recommended  additional  investigations  and  studies 
and  also  to  design  and  supervise  remedial  works. 

APPENDIXES 


a.  Inspection  Checklist  (if  available) 

b.  Other  Illustrations  as  follows; 

(1)  Include  a  map  showing  location  of  the  dam.  Usually  a  portion 
of  a  uses  quadrangle  sheet  can  be  used  which  will  show  the 
topography  of  the  area,  location  of  the  dam,  extent  of  the 
lake  and  drainage  basin,  and  perhaps  indicate  the  downstream 
development . 

(2)  If  available,  include  a  plan  and  section  of  the  dam. 

(3)  General  photographs  of  the  dam  and  downstream  channel  should 
be  included. 

(A)  Color  photographs  of  deficiencies  should  be  included.  These 
should  be  held  to  the  minimum  required  to  illustrate  the 
de  ficiencies . 

(S)  Available  engineering  data  including  Hydrologic/Hydraulic 

calculation  and  physical  test  results  that  might  be  available. 
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INSTRUCTIONS  FOR  UNSAFE  DAM  DATA  SHEET 
(RCS-DAEN-CWE-17  and  0MB  NO.  49-R0421) 

The  indicated  infornution  shall  be  provided  in  the  format  shown  on  Pg 
F-3  for  each  dam  assessed  to  be  unsafe  during  the  reporting  period.  A 
separate  data  sheet  should  be  provided  for  each  unsafe  dam.  The 
information  supplied  should  conform  to  the  following; 

a.  Name  -  Name  of  dam. 

b.  Id .  No .  -  Dam  inventory  identity  number. 

c.  Location  -  List  state  county,  river  or  stream  and  nearest  D/S 
city  or  town  where  the  dam  is  located. 

d.  Height  -  Maximum  hydraulic  height  of  dam. 

e.  Maximum  Impoundment  Capacity  -  List  the  capacity  of  the 
reservoir  at  maximum  attainable  water  surface  elevation 
including  any  surcharge  loading. 

f.  Type  -  Type  of  dam,  i.e.,  earth,  rockfill,  gravity, 
combination  earth-gravity,  etc. 

g.  Owner  -  Owner  of  dam. 

h.  Date  Governor  Notified  of  Unsafe  Condition  -  The  date  and 
method  of  notification,  such  as,  by  telegram,  letter,  report,  etc. 

i.  Condition  of  Dam  Resulting  in  Unsafe  Assessment  -  Brief 
description  of  the  deficiencies  discovered  which  resulted  in  the  unsafe 
assessment . 


j.  Description  of  Danger  Involved  -  Downstream  (D/S)  hazard 
potential  category  and  a  brief  description  of  the  danger  involved. 

k.  Recommendations  Given  to  Governor  -  Brief  description  of  the 
actions  recommended  to  Governor  at  time  of  notification  of  unsafe 
condition  to  eliminate  or  reduce  the  danger. 

l.  Urgency  Category  -  State  whether  the  unsafe  condition  of  the 
dam  is  an  emergency  or  non-emergency  situation.  An  emergency  situation 
should  be  considered  to  exist  if  the  failure  of  the  dam  is  judged  to  be 
iraninent  and  requires  immediate  action  to  eliminate  or  reduce  the 
danger . 
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n.  Emergency  Action*  Teken  -  In  case  of  an  emergency  situs 
list  the  actions  taken.  For  non- emergency  situation,  put  NA  for 
applicable." 

n.  Remedial  Action  Taken  -  For  non-emergency  situations  li 
remedial  actions  taken. 

o.  Remarks  -  For  other  pertinent  information. 


t  ion, 
"not 

St 
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Format  for  Unsafe  Dam  Data  Sheet  (RCS-IIWEN-CWE-17  and  0MB  NO.  49-R0421) 

NATIONAL  PROGRAM  OF  INSPECTION  OF  NON-FEDERAL  DAMS 
UNSAFE  DAM  DATA  SHEET 


a.  Name ; 

b .  Type;  c .  Height;  d .  Id.  No. 

e.  Location; 

State;  County; 

Nearest  D/S  City,  Town  or  Village; 

River  or  Stream; 

f .  Ovmer ; 

g .  Date  Governor  Notified  of  Unsafe  Condition; 

h.  Condition  of  Dam  Resulting  in  Unsafe  Assessment; 


i.  Description  of  Danger  Involved; 

j .  Recommendations  Given  to  Governor; 

k .  Urgency  Category; 

l.  Emergency  Actions  Taken; 

m.  Remarks; 


(To  be  typed  as  needed) 
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APPENDIX  G 

NATIONAL  PROGRAM  FOR  INSPECTION  OF  NON-FEDERAL  DAMS 
MONTHLY  PROGRESS  REPORT 
(RC6-DAEN-CWE-19) 

I.  Instructions  for  Monthly  Progresa  Report.  The  indicated 
information  shall  be  provided  in  the  format  shown  on  page  G-2. 

1.  Division  Reporting: 

2.  Date: 

3.  Information  Required  for  Each  State  Regarding  Total  Number  of 

Inspections  Performed  (A-E  Inspections  included)  (Cumulative): 

3.1.  Number  of  Inspections  Initiated  by  on-site  inspection 
or  the  review  of  engineering  data  from  project 
records. ^ 

3.2.  Number  of  Inspections  Completed  (The  number  of 
inspection  reports  which  have  been  submitted  to  the 
District  Engineer  for  review  and  approval). 

3.3.  Number  of  Dams  Reported  to  the  Governor  as  Unsafe.^ 

3.4.  Number  of  Approved  Inspection  Reports  Submitted  to  the 
Governor . 

4.  Information  Required  for  Each  State  Regarding  Inspections 

Performed  Under  A-E  Contracts  (Cumulative): 

4.1.  Number  of  Dams  Contracted  for  Inspection  by  A-E's  with 
State  or  Corps. 

4.2.  Number  of  Inspections  Initiated  by  A-E's  by  on-site 
inspection  or  the  review  of  engineering  data  from 
project  records.^ 

4.3.  Number  of  Inspections  Completed  by  A-E's  (The  number  of 
inspection  reports  which  have  been  submitted  to  the 
District  Engineer  for  review  and  approval). 

4.4.  Number  of  Approved  Inspection  Reports  Prepared  by  A-E's 
Submitted  to  the  Governor. 


*Each  of  the  initiated  inspections  reported  should  be  planned  for 
completion  within  a  reasonable  period  of  time  (30  days). 

^An  unsafe  dam  is  defined  as  a  dam  with  deficiencies  of  such  a  nature 
that  if  not  corrected  could  result  in  the  failure  of  the  dam  with 
subsequent  loss  of  lives  or  substantial  property  damage. 
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II.  Formation  for  Monthly  Progre»»  Report. 

NATIONAL  PROGRAM  FOC  I^4SPECTION  OF  NON-FEDERAL  DAMS 
MONTHLY  PROGRESS  REPORT 


1.  Division  Reporting: 

2.  Date: 

3.  Information  Required  for  Each  State  Regarding  Total  Number  of 
Inspections  Performed  (Cumulative): 


State  Inspections 
Initiated 
(3.1) 


Inspections 

Completed 

(3.2) 


Unsafe  Dams 
Reported 

(3.3) 


Approved 

Reports 

(3.4) 


Totals 


4.  Information  Required  for  Each  State  Regarding  Inspections  Performed 
Under  A-E  Contracts  (Cumulative): 


State  Dams  Under 
A-E  Contract 
(4.1) 


A-E  Inspections 
Initiated 
(4.2) 


A-E  Inspections 
Completed 

(4.3) 


A-E  Reports 
Approved 
(4.4) 


(To  be  typed  as  needed) 
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APPENDIX  H 

SUGGESTED 
SCOPE  OF  WORK 

CONTRACT  FOR  ARCHITECT-ENGINEER  SERVICES 
rOR  SAFETY  INSPECTION  OF  DAMS 

WITHIN  THE  STATE  OF  _ 

1.  GENERAL  DESCRIPTION  OF  SCOPE  OF  WORK.  The  eervicee  to  be  rendered 
by  the  Architect-Engineer  (A-E)  under  the  propoeed  contract  shall 
include  all  engineering  functions,  hereinafter  described,  as  needed  to 
inspect  the  dans  listed  in  Appendix  A  of  this  contract  for  the  purpose 
of  evaluating  their  risk  of  failure.  A  report  which  (a)  describes  the 
assessed  condition  of  the  dan,  (b)  provides  conclusions  as  to  which 
particular  conditions  could  cause  failure,  (c)  nakes  recomendations  on 
renedial  neasurea  believed  necessary,  and  (d)  nakes  reconnendations  on 
whether  and  what  type  of  future  investigation  should  be  conducted  shall 
be  provided  for  each  inspected  dan.  The  work  shall  proceed  in 
accordance  with  Phase  I  of  the  Reconmended  Guidelines  for  Safety 
Inspection  of  Dans  established  by  the  Office  of  the  Chief  of  Engineers 
(OCE)  and  the  supplenented  requirenents  listed  in  paragraph  3  below. 

The  OCE  guidelines  are  listed  in  Appendix  B  of  this  contract. 

2.  INFORMATION  AND  SERVICES  TO  BE  FURNISHED  BY  THE  GOVERNMENT.  The 
Contracting  Officer  will  furnish  the  following  infomation  and  services 
to  the  A-E: 

a.  All  infomation  pertaining  to  each  dan  to  be  inspected  as 
contained  in  the  National  Inventory  of  Dans. 

b.  Copies  of  reconmended  fornat  for  preparation  of  inspection 
report,  engineering  data  check  list  and  visual  inspection  check  list. 

c.  All  available  pertinent  infomation  pertaining  to  the  Dan 
Inspection  Progran  and  previous  investigations  having  a  bearing  on 
inspections  to  be  perfomed  under  this  contract. 

d.  Right-of-entry  for  access  to  each  dan  site. 

3.  SERVICES  TO  BE  RENDERED  BY  THE  ARCHITECT-ETOINEER.  The  principal 
services,  subject  to  the  optional  provisions  of  the  contract,  to  be 
rendered  by  the  A-E  are  itenized  below: 

a.  Technical  Investigations. 

(1)  Engineering  Dsta  Collection.  To  the  extent  feasible,  the 
engineering  data  listed  in  Appendix  I  of  the  OCE  guidelines  relating  to 
the  design,  construction  snd  operation  of  the  dan  and  appurtenant 
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•tructuret,  should  be  collected  froa  existing  records  end  reviewed  to 
eid  in  evslusting  the  genersl  condition  of  esch  dsa,  including  en 
sssessaAt  of  the  hydreulie  end  hydrologic  features  end  structural 
stability  of  the  dam.  Where  the  necessary  engineering  data  are 
unavailable,  inadequate  or  invalid,  a  listing  shall  be  asde  of  those 
specific  additional  data  deemed  necessary  by  the  engineer  in  charge  of 
the  investigation  and  included  in  the  inspection  report.  The 
engineering  data  checklist  provided  by  the  Contracting  Officer  shall  be 
used  as  a  guide  to  compile  this  data. 

(2)  Field  Inspections.  The  field  inspection  of  each  dam  shall 
include  examination  of  the  items  listed  in  Appendix  II  of  the  OCE 
guidelines,  electrical  and  mechanical  equipment  for  operation  of  the 
control  facilities,  reservoir  area,  downstream  channel  in  the  vicinity 
of  the  dam  and  any  other  significant  feature  to  determine  how  these 
features  affect  the  risk  of  failure  of  the  dam.  The  inspection  shall 
be  conducted  in  a  systematic  manner  to  minimise  the  possibility  of  any 
significant  feature  being  overlooked.  The  visual  inspection  checklist 
provided  by  the  Contracting  Officer  shall  be  used  as  a  guide  to 
document  the  examination  of  each  significant  feature. 

Particular  attention  shall  be  given  to  detecting  evidence  of 
leakage,  erosion,  seepage,  slope  inatability,  undue  settlement, 
displacement,  tilting,  cracking,  deterioration,  and  improper 
functioning  of  drains  and  relief  wells.  The  degree  and  quality  of 
maintenance  and  regulating  procedures  for  operation  of  the  control 
facilities  shall  be  assessed.  The  design  and  existing  condition  of 
such  control  facilities  (i.e.,  spillway,  outlet  works,  etc.)  shall  be 
evaluated.  An  assessment  of  the  degree  of  siltation  that  is  evident 
and  its  effect  on  the  dam's  reservoir  shall  be  performed.  Photographs 
and  drawings  should  be  used  to  record  conditions  in  order  to  minimise 
written  descriptions. 

(3)  Engineering  Analyses. 

(a)  Evaluation  of  Hydraulic  and  Hydrologic  (H&H)  Features. 
Evaluation  of  the  hydraulic  and  hydrological  features  of  each  dam  shall 
be  based  on  criteria  set  forth  in  the  OCE  guidelines.  If  it  is 
determined  that  the  available  H&R  data  are  insufficient,  the 
Contracting  Officer  must  be  so  informed  and  may  exercise  an  option  of 
requiring  the  A-E  to  perform  an  overtopping  analysis  at  additional 
agreed-upon  compensation.  The  methodology  to  be  used  by  the  A-E  for 
this  analysis  will  be  based  on  the  OCE  guidelines  and  subject,  to  the 
approval  of  the  Contracting  Officer. 

(b)  Evaluation  of  Structural  Stability.  The  evaluation  of 
structural  stability  of  each  dam  is  to  be  based  principally  on  existing 
conditions  as  revealed  by  the  visual  inspection,  available  design  and 
construction  information,  and  records  of  performance.  The  objectives 
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are  to  determine  the  existence  of  conditions,  identifiable  by  visual 
inspection  or  from  records,  which  may  pose  a  high  risk  of  failure  and 
to  formulate  reconaendations  pertaining  to  the  need  for  any  remedial 
improvements,  additional  studies,  investigations,  or  analysis.  The 
results  of  this  phase  of  the  inspection  must  rely  substantially  upon 
the  experience  and  judgment  of  the  inspecting  engineer.  Should  it  be 
determined  that  sufficient  data  are  not  available  for  a  reasonable 
evaluation  of  the  structural  stability  of  a  dam  and  appurtenances,  the 
Contracting  Officer  should  be  informed  which  information  is  required 
prior  to  attempting  to  evaluate  the  risk  of  failure  of  the  dam. 

(c)  Evaluation  of  Operational  Features.  Where  critical  mechanical/ 
electrical  operating  equipment  xs  used  in  controlling  the  reservoir  of 
a  dam,  an  evaluation  of  the  operational  characteristics  of  this 
equipment  from  the  standpoint  of  risk  of  failure  must  be  performed. 

(d)  Evaluation  of  Reservoir  Regulation  Plan  and  Warning  System. 

The  operational  characteristica  of  each  dam's  existing  reservoir 
regulation  plan  and  warning  system  in  event  of  a  threatened  failure 
shall  be  investigated. 

b.  Emergency  Situations.  The  Contracting  Officer  must  be 
immediately  notified  of  any  observed  condition  which  is  deemed  to 
require  insediate  remedial  action.  After  being  notified,  the 
Contracting  Officer  will  contact  the  appropriate  State  personnel  and 
will  meet  the  A-E  at  the  site  to  determine  the  appropriate  course  of 
action.  This  will  not  relieve  the  A-E  of  his  responsibility  to  prepare 
a  comprehensive  inspection  report  at  the  earliest  practicable  date. 

c.  Qualifications  of  Investigators.  The  technical  investigations 
shall  be  conducted  by  licensed  professional  engineers  with  a  minimum  of 
five  years  experience  after  licensing  in  the  investigation,  design  and 
construction  of  earthfill,  rockfill  and  concrete  dams  and/or  in  making 
risk  of  failure  evaluations  of  completed  dams.  These  engineers  must  be 
knowledgeable  in  the  disciplines  of  hydrology,  hydraulics, 
geotechnical,  electrical,  mechanical  and  structural  engineering,  as 
necessary.  All  field  inspections  should  be  conducted  by  engineers, 
engineering  geologists  and  other  specialists  who  are  knowledgeable  in 
the  investigation,  design,  construction  and  operation  of  dams, 
including  experts  on  mechanical  and  electrical  operation  of  gates  and 
controls,  where  needed. 

d.  Preparation  of  Report.  A  formal  report  shall  be  prepared  for 
each  dam  inspected  for  sutaission  to  the  Contracting  Officer.  Each 
report  should  contain  the  information  specified  in  OCE  guidelines  and 
any  other  pertinent  information.  The  recommended  format  provided  by 
the  Contracting  Officer  shall  be  used  to  document  each  report.  The 
signature  and  registration  identification  of  the  professional  engineer 
who  directed  the  investigation  and  who  was  responsible  for  evaluation 
of  the  dam  should  be  included  in  the  report. 
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A.  SUPERVISION  AMD  APPROVAL  OF  WORK.  All  work  perforned  under  this 
contract  shall  be  subject  to  the  review  and  approval  of  the  Contracting 
Officer  or  hie  deaignee.  Meetings  will  be  held  on  a  regular  basis  in 
the  District  office,  during  trtiich  the  progress  of  inspections  will  be 
discussed  and  questions  relating  to  inspection  reports  previously 
received  by  the  Contracting  Officer  will  be  addressed.  Reports  will  be 
revised  as  necessary  when  required  by  the  Contracting  Officer. 

5.  COORDINATION.  During  the  progress  of  work,  the  A-E  shall  maintain 

liaison  with  the  *  _  _ and  other  local 

authorities  throu^  the  Contracting  Officer  as  required  to  assure  the 
orderly  progression  of  the  inspection.  Copies  of  all  correspondence 
with  such  authorities  shall  be  provided  to  the  Contracting  Officer. 

6.  SUBMISSION  OF  REPORT. 


a.  Each  inspection  report  will  be  submitted  for  review  to  the 
Contracting  Officer.  Reports  will  be  revised  as  required  by  the 
Contracting  Officer.  After  all  revisions  have  been  made,  the  original 
and  copies  of  each  inspection  report  shall  be  submitted  to  the 
Contracting  Officer. 

b.  Text  of  all  reports  ahall  be  typewritten  and  printed  on  both 
sides  of  8"  X  10  1/2"  paper.  All  notes,  inspection  forms,  sketches  or 
similar  matter  shall  be  legible,  distinct  and  suitable  for  reproduction. 

7.  PERIOD  OF  SERVICES. 

a.  All  inspections  and  reports  included  under  this  contract  shall 

be  completed  within  _  days  from  date  of  Notice  to  Proceed. 

b.  If  the  option  for  performing  an  H&H  analysis  for  any  particular 

site  is  exercised,  the  A-E  ahall  complete  such  analysis  within  _  days 

from  date  of  Notice  to  Proceed.  However,  the  overall  completion  time 
stated  in  paragraph  7a  above  ahall  not  change. 


♦NOTE:  Write  in  the  designated  State  Authority. 
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APPENDIX  I 

PROCEDURE  FOR  USING  NASA  LAND  SATELLITE  MULTISPECTRAL  SCANNER  DATA 
FOR  VERIFICATION  AND  UPDATING  THE  NATIONAL  INVENTORY  OF  DAMS 

1.  Purpoee.  This  appendix  states  the  objective,  defines  the  scope, 
prescribes  procedures,  end  assigns  responsibilities  for  using  NASA  Land 
Satellite  (LANDSAT)  Hultispectral  Scanner  data  along  with  NASA's 
Surface  Water  tetection  ^d  Mapping  (DAM)  Computer  program  to  assist  in 
verification  and  updating  the  National  Inventory  of  Dams. 

2.  Applicability .  This  appendix  is  applicable  to  all  divisions  and 
districts  having  Civil  Works  responsibilities  except  POD. 

3.  Reference.  NASA,  DETECTION  AND  MAPPING  PACKAGE,  Users  Manuals, 
Volumes  1,  2a,  2b,  and  3  dated  June  1976,  published  by  the  Johnson 
Space  Center,  Houston,  Texas. 

4.  Objectives.  Provide  a  uniform  method,  nation-wide,  to  help  insure 
that  all  dams  subject  to  Public  Law  92-367,  8  August  1972  are  properly 
identified  and  located  in  the  National  Inventory  of  Dams. 

5.  Scope.  The  computer  printer  overlay  maps  produced  by  the  procedure 
described  in  reference  3b  will  be  used  by  district  and/or  state  or 
contractor  personnel  as  a  tool  to  assist  in  verification  and  updating 
of  the  National  Inventory  of  Dams. 

6.  Exceptions . 

a.  If  a  Division/District  attempts  the  use  of  the  procedure  for  a 
given  region  within  their  area  of  responsibility  and  finds  the  overlay 
maps  cannot  be  used  to  assist  in  verification  and  updating  the  National 
Inventory  of  Dams,  they  may  request  an  exception  for  a  selected  region. 

A  selected  region  swy  include  areas  where  conditions  can  reasonably  be 
assumed  to  be  the  same  as  the  region  where  the  procedure  was  tried. 

b.  Request  for  exceptions  should.be  documented  to  include  firm 
boundary  definitions  and  appropriate  justification  to  demonstrate  sdiy 
the  procedure  cannot  be  used.  This  request  should  be  submitted  to  HRSC 
WASH  DC  20314,  throug))  the  normal  engineering  chain  of  command. 

c.  Map  overlays  will  be  produced  for  all  areas  of  the  Continental 
United  States  even  if  they  are  not  used  in  a  few  selected  regions. 

This  processing  is  required  for  a  future  Computer  Water  Body  Change 
Detection  system. 
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7.  Procedures .  Acquisition  of  LANOSAT  data,  legibtiar.lon 
coordinates  to  earth  latitude  and  longitude  and  computer  processing  to 
produce  overlay  maps  vill  be  accomplished  by  two  Regional  Centers. 
Nashville  District  and  Seattle  District  have  been  designated  as  the 
Regional  Centers,  with  each  responsible  for  processing  maps  by  state 
based  on  Divi'ional  assignments  in  Appendix  A.  Regional  Ctniers  will 
support  divisions  as  follows; 

Regional  Center 

Nashville  District 


Seattle  District 


Responsibilities. 

a.  The  Water  Resources  Support  Center  at  Port  btlvoir  has  overall 
responsibility  for  coordination  and  monitoring  of  this  activity  between 
NASA,  Division  Offices,  and  Regional  Centers,  and  tor  providing 
Regional  Center  funding. 

b.  Regional  Centers  are  responsible  for; 

(1)  Acquiring  proper  LANDSAT  data  tape  from  EROS  Data  Center  (Sioux 
Falls,  South  Dakota).  Actual  data  scene  selection  will  be  coordinated 
with  Division  and/or  District  to  insure  proper  consideration  is  given 
to  local  priorities  and  seasonal  coverage. 

(2)  Arranging  icoipuier  processing  support  using  NASA's  DAM  package. 

(3)  Establishing  proper  control  between  satellite  scanner-oriented 
coordinat'^s  and  earth  latitude/longitude. 

(A)  Producing  total  coverage  of  map  overlays  at  a  scale  of  1;24,000 
and/or  smaller  scales  as  required  by  Divisions  and/or  Districts. 

(5)  Instructing  District,  State,  or  contractor  personnel  in  the 
assembly  and  use  of  map  over  lays. 

c.  Divisions/Districts  are  responsible  for: 


Division 
New  England 
North  Cc Ian  tic 
South  Atlantic 
Ohio  River 

Lower  Micsicaippi  Vciley 
North  Centiui 

Sou  thwee  tern 
Mitsuuri  River 
North  Pacific 
South  Pacific 
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(1)  Deeignating  one  peraon  froa  each  Diviaion  and  Diatrict  at  the 
point  of  contact  with  the  Regional  Center  and  provide  this  person 'a 
name  and  phone  nua^er  to  the  Regional  Center. 

(2)  Providing  the  Regional  Center  with  tup  coverage  of  their  area 
of  reaponaibility.  This  will  include  state  indexes  and  7  1/2  minute 
quadrangle  sheets  (acale  1:24,000)  irttere  available. 

(3)  Coordinating  with  the  Regional  Center  in  selecting  LANDSAT  data 
tapes. 

(4)  Providing  inforsution  to  Regional  Center  on  scale  and 
priorities  of  desired  computer  produced  map  overlays. 

(5)  Assembling  computer  print-outs  into  overlay  maps,  and  using  as 
appropriate  to  assist  in  verification  and  updating  the  National 
Inventory  of  Dams. 

9.  Points  of  Contact.  The  points  of  contact  in  the  Regional  Centers 
for  this  program  are  as  follows; 

OFFICE  SYMBOL  TELEPHONE 

DAf»-ORNED  (615)  251-7366 

FTS  852-7366 

Jack  Erlandson  DAEN-NPSEN  (206)  764-3535 

FTS  399-3535 


NAME 

Jim  Cook 
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TABLE  24  (continued 


total  68153  11388.0  0.167  8818  77587.5  8.8 


No  #njcced  dam  safety  leji^isldt  ion. 
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No  enacted  dam  aafety  Ie>;islation 


